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Preface 


Our goal has been to make this edition of Microeconomic Theory the most radi- 
cal improvement of any revision to date. Because this book has always occu- 
pied a major part of the intermediate micro market and because many courses 
are constructed around earlier editions, we have been careful to retain almost 
all previous material. While users of past editions will feel comfortable with 
this version, the entire format of the book has been changed. That is immedi- 
ately apparent. Gone is the traditional green and black cover, and color has re- 
placed the somewhat staid black-and-white presentation. Another obvious 
change is that the author of previous versions, the late C. E. Ferguson, has been 
replaced by Edward Lazear. 

Two new chapters have been added. The new chapter 1 is a short introduc- 
tion to economics at a principles level. Because this book is often used as the 
main text in courses that are designed to bring students with no economic 
background up through an intermediate level, the first chapter eliminates the 
need to resort to a supplementary principles text. Chapter | may prove useful to 
M.B.A. students, for example, who must move from basics to advanced eco- 
nomics in a very short time. The other new chapter, chapter 19, introduces the 
economics of information to the reader in a digestible fashion, This area has 
received great attention in the economics literature over recent years, but it has 
not found its way into textbooks in any widespread or systematic manner. Chap- 
ter 19 recognizes the importance of this area by considering a number of infor- 
mation topics including job market signalling, pricing under uncertainty, and 
the economics of search. 

The format has been changed to make the presentation livlier and to empha- 
size the significance of economics in day-to-day life. Most important, each 
chapter begins with a real-world example, generally pulled from a newspaper 
clipping that motivates the subsequent material. The seemingly complicated 
question posed by the example is answered using the theory developed in the ‘ 
chapter. Additionally, more examples have been added to make the text more 
readable. Robert Moore is responsible for these improvements. 
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This text has found its way into many intermediate micro classes, but it has 
been used at the graduate level as well. Chapter 19 and some of the more tech- 
nical footnotes make it a good text for graduate students to work through in 
preparation for a theory general examination. Also, the addition of chapter 1, 
along with the real-world examples, make it ideal for M.B.A. students. Indeed, 
both authors have made the book the centerpiece of their M.B.A. courses 
taught at the University of Chicago. 

This edition has corrected mistakes of the fifth edition and has clarified 
some presentations; in large part this is a result of suggestions made by users of 
the book. This is a continuing process, and we hope that readers of this edition 
will bring any errors, omissions, and suggestions to our attention. Such advice 
is of great value to us and other users and is much appreciated. 

Finally, we wish to thank our many reviewers and readers who have made 
this version better than earlier ones. We owe special gratitude to William Chan, 
who patiently worked through the manuscript page by page and made many im- 
provements. We also thank Maggie Newman for her cooperation in typing and 
assembling the final document so that we could meet our publication deadlines. 
Of course, the deepest debt is to the late Professor Ferguson who is, more than 
anyone, responsible for creating what we believe is a valuable text. 


John P. Gould, Jr. 
Edward:P, Lazear 
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Demand, Supply, and Markets: 
An Introductory Look 


Individuals play many roles in an economy. The same individual may be a 
buyer, a seller, a worker, and an employer all in a short period of time. For 
example, on any given day, an individual might stop at the local coffee shop 
to buy breakfast on his way to work at a large factory. When he returns home 
in the evening, he may conclude a transaction to sell his car. During the day, 
he might have hired the teenaged boy next door to mow his lawn. 

Most of the time, it is the action rather than the identity of the individual 
that is essential in economics. When an individual is purchasing a good, he is 
a demander and what we are concerned about is the demand for the good in 
question. When he sells a good, he is a supplier and it is the supply of that 
good to the market that is generally of interest. 

Individuals rarely take actions that have no impact on others. First of all, 
individuals tend to live in families and they must deal directly with other 
family members. Secondly, in a complex industrial society, work generally 
takes place at a common location where many individuals are simultaneously 
involved in the same production process. In fact, most of what this book is 
about relates to the ways in which individuals interact with one another in a 
market environment. The goal of a well-functioning market is to coordinate 
the actions of individual agents to bring about results that make all the trading 
parties better off. , 

Virtually all of the actions and interactions that are-of interest in economics 
can be analyzed with the use of two simple constructs: demand and supply. 
Every action that an individual takes will affect either demand or supply, and 
what we must do is determine the manner in which they are influenced. Once 
this is done, it becomes possible to describe all of the important impacts on 
the rest of the economy. 

Of course, there are many levels at which to address the tools associated 
with a study of demand and supply. At the simplest level, analysis is easy, 
and one moves quickly from the question to the answer. The drawback is that 


the most simple characterization of the problem leaves out the details. As the 
details become more important, it is necessary to understand more and more 
about demand and supply. This means that it will become necessary to go 
behind these constructs and search for the basic building blocks —in order to 
apply the tools to more complex situations. Still, much can be learned by 
thinking about demand and supply at their simplest levels and Chapter 1 is 
devoted to a preliminary exploration. @ i e 


Part One Demand, Supply, and Markets: An Introductory Look 
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CHAPTER 


Demand, Supply, and Market 
Equilibrium — 


“You can make even a parrot into a learned economist —all it must learn are 
the two words supply and demand. [Anonymous] While this is a bit of an 
overstatement, all issues in economics can be reduced to questions about 
supply and demand. 

This chapter introduces you to the key tools of the market demand curve 
and the market supply curve and to the concept of an equilibrium price and 
quantity. What causes the market demand curve or the market supply curve to 
shift? What determines the shape of these curves? If you can answer these 
questions, you will be able to answer many otherwise complex economic 
questions. In the “Applying the Theory” section you will consider the points 
made in a newspaper article that describes the effects of a rise in the price of 
sugar on a variety of interrelated markets. m 
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APPLYING THE THEORY 


Moonshiners in South Find Sales Are Down as Their Costs Go Up 


My daddy, he made whiskey 
My granddaddy did, too 
We ain't paid no whiskey tax 
Since 1792. 


— from “Copper Kettle” by Albert F. Beddoe 


HABERSHAM COUNTY, Ga. — When 
| Joan Baez popularized the song “Copper 
Kettle” in the early 1960s, the verse quoted 
above described life in these North Georgia 
hills pretty accurately, 

“There probably isn't a family around 
here that hasn’t had at least one member 
involved with a still,” observes Clyde 
Dixon, executive vice president of the 
Peoples Bank in Cleveland, Ga. “It hasn’t 
been so long around here since moonshine 
was the only way to make money. My 
father made moonshine,” Mr. Dixon says. 

But two years ago the price of 
Sugar—an essential ingredient in 
moonshine —tripled, and life in the laurel 
thickets changed rapidly. It takes at least 
10 pounds of sugar to make a gallon of 
barnyard whiskey. With other inflationary 
factors added, moonshine that sold a few 
years ago for $6 a gallon at the still began 
pushing $15 a gallon, 

At that price the moonshine market 
contracted severely, because for $15 plus 
retail markup, a customer can buy 
government whiskey. (“Government 
whiskey” is the hill country term for legal 
booze — stuff on which the tax has been 
paid. Unlike hastily made moonshine, its 
manufacture relies on slowly drawing 
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natural sugars from the grain being 
distilied, and therefore its price is 
unaffected by the sugar market.) 


Revenuers Look Elsewhere 


The price squeeze on moonshine has 
forced new occupations on a lot of people 
who were engaged, one way or another, in 
what may have been, even as late as the 
1950s, the largest industry in such counties 
as Habersham, Dawson, and Gilmer. Not 
all of those people whose employment 
depended on illegal booze were 
moonshiners, themselves, however. 

Billy Corbin is a revenue agent with the 
Treasury Department's Bureau of Alcohol, 
Tobacco and Firearms (ATF). He chased 
moonshiners in North Georgia for 10 years 
and says his team of five agents used to 
bust up an average of 10 stills a month. 
Then, in December, he was transferred to a 
new office with emphasis on nonwhiskey 
violations. “When I left (the moonshine 
post) it was down to no more than one still 
a month,” Mr. Corbin says. 

Mr, Corbin’s boss, Bill Barbary, agent 
in charge of ATF’s Gainesville, Ga., 
office, says the 108 revenue agents ir. 
Georgia used to spend 75 percent of their 
time on liquor offenses, the rest on other 
crimes, mostly the unlicensed sale of 
firearms. Now, he says, agents spend only 
about 25 percent of their time on 
moonshine patrol. To help fill the slack, 
the Treasury Department this year 
reassigned its gambling tax enforcement to 
ATF from the Internal Revenue Service. 
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So, for the government, one beneficial 
by-product of the sugar inflation and 
moonshine depression is an increase in 
arrests for firearms violations and illegal 
wagering. Some 15 or 20 revenue agents 
from the countryside were reassigned to 
Atlanta this spring and broke up a big 
numbers ring there, fed- 
eral officials say; they promised to follow 
up with the indictment of 30 or 40 
gambling operators. 


The Pot Shuttle 

On the other hand, with the whiskey 
business in turmoil, many former 
moonshine overlords —Mr. Barbary says 
most of them—have simply reapplied their 
resourcefulness to trafficking in other illicit 
goods that are still profitable. They are 
suspected of being responsible for the 
recent big increase in the airlifting of 
drugs, particularly marijuana, from South 
America to small airstrips in Georgia and 
neighboring moonshine states. 

For example, two long-reputed North 
Georgia moonshine czars, Garland “Bud” 
Cochran and Ben Kade “Junior” Tatum, 
were indicted in federal court in South ~ 
Carolina last summer for allegedly 
masterminding a DC-4 pot shuttle from 
Colombia. Mr. Tatum was convicted and is 
appealing. Mr. Cochran— who the ATF 
says was shipping 7,000 gallons of 
moonshine a month into Atlanta in trailer 
trucks during the 1960s —has been a 
fugitive since the smuggling indictment 
came down. Officials believe he is in 
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South America directing more smuggling 
operations. 

Radical as the change in North Georgia 
life has been since the price of sugar rose, 
it actually is the culmination of an 
evolutionary change that began in the early 
1940s. 


Get you a copper keitle 

Get you a copper coil 

Cover with new-made corn mash 
And never more you'll toil 


Revenue agents agree that the old-time, 
100 percent corn liquor made in pure 
copper stills —the fabled “white 
lightning” — was as good as or better than 
bonded whiskey, But when copper became 
scarce at the start of World War II, 
moonshiners turned to sheet metal vats, 
and in more recent times began cooling the 
liquor in automobile radiators instead of 
copper coils. The result often is a fatal 
dose of lead poisoning. In probably the 
most famous case of this, tne late 
Fats Hardy, a Gainesville moonshine king, 
was sentenced to life in prison in the late 
1950s after many persons died from 
drinking the moonshine he shipped to 
Atlanta. 

“They just don’t have professional pride 
anymore,” observes Mr. Corbin, the 
revenue agent. “They aren’t making 
drinking liquor. You find beer cans around 
those stills—they don’t drink this stuff.” 

The people who do drink it, authorities 
say, are almost exclusively poor, urban 


(continued on page 6) 


er SS SET 


APPLYING THE THEORY 


(continued from page 5) $ 
blacks. The biggest retail distribution 
centers are so-called “shot-houses,” 
operated in private homes or stores in 
black neighborhoods of Atlanta, Macon, 
and other cities throughout the Southeast. 
Because the price of a shot has soared to 
75 cents, almost the price of safer, 
stronger, legal bar whiskey, the ATF 
estimates that there are only a few hundred 
shot-houses in Atlanta now, down from a 
few thousand before the crunch. 

Assistant U.S. Attorney Owen Forrester 
in Atlanta — who says his grandmother had 
a still on her land, though she didn’t 
drink— says he doubts that even a new 
rise in sugar prices could wipe out 
moonshine entirely. “The revenue agents 
who work the shot-houses here tell me that 
there are still a lot of old-timers who like 
the taste of it,” Mr. Forrester says. 
“There's a certain zang, or sizzle, going 
down.” 


How to Make It 

Hill folks and revenue agents have 
described the methods moonshiners use to 
get that “zang” and “sizzle” in there: 

First, there’s a widespread belief, often 
put into practice, that horse manure added 
to the corn mash speeds its fermentation. 
In addition, sanitary conditions aren’t 
always up to FDA standards. Mr. Dixon, 
the country banker, says “I’ve seen a hog 
get in (the vat) to drink some of that slop 
and drown. They just take the hog out and 
go ahead. They can’t afford to lose all that 
money (by throwing out the contaminated 
mash), I'll tell you, Jack Daniel’s does it a 
lot cleaner.” Mr. Forrester, the prosecutor, 
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recalls a moonshiner who “put in dead 
possums at the end to flavor it.” 

Later, still other foreign matter is 
added. Moonshine usually is 110 proof 
when it’s sold at the still to a “tripper,” 
who usually is either an independent truck 
driver or an employee of an urban 
distributor. To stretch the product, the 
distributors usually water it down as much 
as 50 percent. Then, to make it look its 
original strength, they add beading oil, 
which simulates the swirls that alcohol 
makes in liquor. 

If some parts of the “Copper Kettle” 
song were accurate once, sources here 
agree that one verse never was accurate: 


You just lay there by the juniper 
While the moon is bright 

And watch them jugs a-fillin’ 

In the pale moonlight. 


“It's damn hard work to make whiskey,” 
Mr. Dixon says. “They have to hide the 
stills in laurel thickets on a mountain. You 
have your barrels and boxes of malt — it’s 
corn meal mostly, some barley malt. 
They'll carry 200 or 300 pounds of sugar 
up that mountain at a time on their backs. 
All the time (the mash) is working it has to 
be stirred. That corn meal has a tendency 
to lump up. I’ve seen them get stark naked 
and get in there and mash it. If you don’t 
think it’s hard work, try it.” 

Much of the hard work, high price, and 
poor quality is caused by the revenue 
agents, whose presence puts constant 
pressure on moonshiners to finish their 
work fast and get out. Moonshiners need 
costly sugar because they must dash off 
each batch of their product in about 72 


hours. Bonded distillers have controlled 
conditions and plenty of time, so they can 
apply even heat as required and wait out 
the two weeks or so it takes to get sugar 
out of the natural grains. 


Build you a fire with hick'r} 
Hick'ry and ash and oak 

Don't use no green or rotten wood 
They'll get you by the smoke. 


Byron Davis of Gainesville, who retired 
in 1968 after 31 years as a revenue agent 
because “it’s a young man’s job,” says he 
remembers capturing a lot of moonshiners 
by cruising the hills looking for smoke. In 
fact, he attributes the switch in still 
materials from copper to other metals at 
least in part to a switch in cooking fuels 
from wood to butane gas, The butane 
largely eliminated the telltale smoke trail, 
he says, but didn’t work well with copper 
equipment. 

Keeping tabs on sugar sales also has 
helped agents to corral a few moonshiners. 
“One of these little country stores starts 
selling 500 pounds of sugar a week, you 
smell a rat,” Mr. Corbin says. 

Nowadays, however, agents say they 
make most of their arrests through tips 
from informants. Moonshiners love to tell 
on each other, Mr. Corbin says. Certainly 
the ATF needed informants 18 months ago 
in order to discover a fabulous 2,000- 
gallon-a-week underground still, which 
was entered by opening the trunk of an old 
Ford sitting in a Habersham County 
junkyard, and climbing down a ladder, 
Agents believe that the operator obtained 
electric power for his still by tapping into 
nearby underground Tennessee Valley 
Authority lines. 


On the whole, authorities say their 
problem is less in catching moonshiners 
than in obtaining justice afterwards. 

Judges and juries just “didn't consider 
whiskey to be a crime,” Mr. Forrester 
recalls of his moonshine trial days. The 
operator of the underground still beneath 
the old Ford, for example, pleaded guilty 
and received a suspended sentence, Mr. 
Forrester says. 


Professional 

So relaxed is the atmosphere at 
moonshine trials that one notorious 
moonshiner from Adairsville, Ga., used to 
feel comfortable attending them. Mr. 
Forrester recalls, “Every term he'd come to 
court with mash all over his pants and 
listen to testimony in other cases to learn 
new techniques.” 

A typical still operation is financed 
and overseen by a man with substantial 
income from legitimate business, such as a 
farm or store. He hires three to six still 
hands and one or two women who live 
with them while the still is in operation, to 
keep house and to make the group appear 
to be a normal family. While the still 
hands sometimes wind up serving a year or 
two in federal prison, the boss, if 
convicted, usually gets probation, often 
impressing the judge and jury with letters 
of commendation from leaders in the 


community. 
KKH 


Questions 


1. Explain carefully (with the use of a 
supply and demand diagram) how the 
increase in the price of sugar affects 

(continued on page 8) 
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(continued from page 7) 


the equilibrium quantity and price of 
moonshine, Make sure to indicate 
which curve shifts and why. 

. How does the change in the moonshine 
market affect the market for legal whis- 
key? Again, indicate which curve shifts 
and why. 

. Suppose North Georgians always chew 
tobacco while sipping moonshine. Are 
tobacco and moonshine substitutes or 
complements? How does the rise in 

the price of sugar affect the chewing 
tobacco market? 

. The title indicates that total revenue 
(sales) of moonshine goes down as costs 
go up. What does this indicate to you 
about the price elasticity of demand for 
moonshine? Explain carefully. 

. Suppose the federal government im- 
poses a federal excise tax on govern- 
ment whiskey of $3.40 per gallon. 

How would such a tax affect the equi- 
librium quantity and price of federal 
whiskey? How would the tax affect the 
whiskey market? 


Solutions 
L 


Sugar is a factor of production. When 
its price rises, this is exactly equi- 
valent to an increase in “labor and ma- 
terial costs” in the numerical example 
of the supply curve for shirts shown in 
this chapter. Such a change will shift 
the supply curve leftward at each P, or 
equivalently, upward at each Q. The 
equilibrium price of moonshine will 
rise and the equilibrium quantity of 
moonshine fall. ; 
Legal whiskey and moonshine are sub- 
stitutes. A rise in the price of moon- 
shine will increase the demand for 
legal whiskey (at each P). The de- 
mand for legal whiskey shifts to the 
right, which results in a rise in both 
the equilibrium price and quantity of 
legal whiskey. 

Complements — they are used to- 
gether. When the price of sugar results 
in an increase in the price of moon- 
Shine, the demand for chewing tobacco 
in North Georgia decreases (or equiva- 
lently, shifts leftward at each P). The 


TO 


Part One Demand, Supply, and Markets: An Introductory Look 


S’ (with tax) 


Q, Q, Federal whiskey 


equilibrium price and quantity of 
chewing tobacco decrease. 

In this case, an increase in the price of 
moonshine must have resulted in a 
proportionately larger decrease in the 
amount demanded. (Why?) As a re- 
sult, we can infer that the price elas- 
ticity of demand in this price range 
must be greater than one. Another clue 
is the assertion in the article that legal 
whiskey is a good substitute for moon- 
shine in the price range considered. 
The tax would shift the supply curve 
of federal whiskey up by $3.40 (see 
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Moonshine 


above at each Q) to reflect the higher 
cost per gallon as a result of the tax. 
The equilibrium price would rise and 
the equilibrium quantity fall (the exact 
amount of the price rise depends on 
the supply and demand curve price 
elasticities). The higher price of feder- 
al whiskey shifts the demand curve for 
moonshine to the right (at each P) be- 
cause they are substitutes. 


Source: Reprinted by permission of The Wall Street 
Journal. © Dow Jones & Company, Inc., July 30, 
1975. All rights reserved. 


The goal of this chapter is to show that the simple constructs of demand and 
supply can be used to answer many complex and important questions. 


DEMANI CURVES 


Demand curves are simply a graphical representation of preferences for a particu- 
lar good. The shape of the demand curve tells thë economist a good deal about 
the level of desire for the good in question. Some goods are so important that even 
large increases in prices do not result in a significant decrease in purchases. An 
example is a diabetic’s demand for manufactured insulin. Other goods are less 
crucial, and a small rise in price will shift consumption from such a good toward 
others. An example is ABC laundry soap. A small increase in the price of ABC 
may cause a large number of consumers to shift from ABC brand to DEF brand. 
The consumer's desire for ABC over DEF is not as strong as the diabetic’s desire 
for insulin over no insulin. Much more is made of this below, but it is time to 
derive some demand curves. 


An Individual’s Demand for a Product 
1a 


Let us begin by considering Mr. Smith’s preferences for some good, say shirts. 
A simple way to characterize his preferences is to ask, “How many shirts will 
Smith buy if the price of a shirt is $P?” By asking this question for a large number 
of potential prices, P, we can fill in an entire schedule of his preferences. Before 
attempting a graphical representation, let us examine his preferences in tabular 
form (Table 1.1). 


Price Quantity Purchased 
$100 0 
90 0 
80 J 
70 2 
60 +3 
50 5 
40 7 
30 12 
20 15 
10 20 
5 30 
0 30 
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At $100, Smith decides that shirts are too expensive and buys none during a 
period, say, a year. This holds until the price drops to $80, where he chooses to 
buy only one shirt. As the price falls, the number of shirts that he purchases rises 
because they are becoming less expensive. At a price of $10, he buys 20 shirts. 
If the price were to fall to $5, shirts would be so inexpensive he might buy some 
to give to friends. However, even at a price of $0 —i.e., even if shirts were given 
away freely—he would not take more than 30 shirts, because at that point it 
becomes a burden to unload them. 

Although Smith’s preferences may be typical, we do not expect all individuals 
to have the same preferences for shirts. People differ in a number of respects. In 
addition to having different inherent preferences, some individuals are richer than 
others. Personal wealth can affect the number of units that an individual demands 
at a given price. For example, consider Mr. Roberts, whose annual income is 
twice that of Mr. Smith. His preferences are described by Table 1.2. Mr. Roberts 
consumes more than Mr. Smith at every price because he is wealthier. This is not 
true of all goods. Later we discuss a more systematic way to describe when richer 
individuals consume more or less than poorer individuals. For the present it 
suffices to point out that the demand schedules are different. 

It is a simple matter to move from the tabular representation of preferences to 
the more standard graphical one. Figure 1.1 plots Smith’s quantity demanded 
against the announced price.' Similarly, Figure 1.2 plots Roberts’ demand. 


$100 
90 
80 


~ 
o 


oand 832 
BERETON = 


'Mathematically inclined readers may be puzzled to find the independent variable, price, on the 
vertical'axis and the dependent variable, quantity, on the horizontal axis. This is a convention that 
started many years ago in economics and, despite some awkardness at this point, provides some 
advantages later when we relate demand curve to the cost curves of the firm. 
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Figure 1.1 Smith's preferences 
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Figure 1.2 Roberts’ preferences 
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Ton Market Demand Curve 


Figure 1.3 plots the sum of the demand curves. Note that the sum is “horizontal”; 
i.e., for each price, we sum the quantities demanded by the individuals. This is 
because we want the total-demand curve to be interpreted as the quantity that 
the entire economy purchases at any given price. For example, at a price of 
$30, Smith consumes 12 and Roberts consumes 15, yielding a total demand of 
27 units. 

Usually, it is the economy-wide demand curve that is of interest. As econo- 
mists, businessmen, or policymakers, we are generally less concerned about who 
buys what at a given price than we are about how much of a particular good is 
purchased at that price by consumers taken together. 


Pemand Curves and “Ceteris Paribus” 
Ac 


A term that finds frequent use in economics is ceteris paribus, which franslates 
to: “other things equal.” Whenever we consider any functional relationship, such 
as the one between the price of a good and the quantity purchased at that price, 
there are always other things that are held constant, either implicitly or explicitly. 
When we look at demand curves, we are varying the price of the good in question, 
but holding constant the consumer’s income and the prices of other goods in the 
economy. Most important are the prices of close substitutes or complements. 

A close substitute is a good that (in the consumer’s mind) performs essentially 
the same function as the original, so that small increases in the price of one good 


may shift a large number of consumers toward consumption of the other good. . 
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Figure 1.3 Total demand 
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The example given above was that of ABC and DEF laundry soaps. When the 
price of a DEF soap rises, the demand for ABC soap rises, as some consumers 
shift from DEF to ABC. 

A complement is a good that is used in conjunction with the particular good 
in question. For example, a left shoe is a complement to a right shoe, and gasoline 
and automobiles are also complements. When a complement becomes more 
expensive, the demand for the product in question falls as well. If left and right 
shoes were purchased separately, then an increase in the price of left shoes would 
reduce the demand for right shoes, since what the consumer usually cares about 
is the price of a pair of shoes—and increases in the price of left shoes increase 
the price of a pair. 


Morene along, versus Shifts in, the Demand Curve 


When we say that there has been an increase in the demand for a good, as opposed 
to an increase in the amount demanded, we are talking about a shift in the entire 
demand curve. We have already examined one kind of demand shift. Roberts’ 
entire demand curve lies to the right of Smith’s because Roberts has twice as 
much income. If we think of Smith and Roberts as having identical tastes, with 
differences in their behavior relating to income differences, then Smith’s demand 
curve would shift to Roberts’ if Smith’s income were to double. Thus, we would 
say that the effect of a doubling of income is to shift Smith’s demand curve to the 
right. This represents an increase in demand (rather than an increase in the 
amount demanded) because the quantity demanded by Smith at any given price 
increases. 

Changes in the amount demanded are associated with changes in the price of 
the good in question. When the price of shirts falls from $80 to $70, the amount 
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demanded by Smith rises from 1 to 2 units. This reflects a movement along the 
demand curve associated with a change in the price of the good (rather than a shift 
in the curve itself). 

Shifts in demand curves are caused by changes in income or in the prices of 
substitutes or complements. Movements along the demand curve are caused by 
changes in the price of that particular good.” 


Substitutability and Narrowness of Definition 
1.1.e 


When there are other goods in an economy, it is possible that an increase in the 
price of a particular good will induce customers to buy more of other goods. It 
is important to know how responsive are purchases to changes in price. Before 
providing any formal definitions, one intuitive statement can be made: 

The ability to substitute away from a good increases with the narrowness of 
its definition. 

An example clarifies the point. Food is a broader category than meat, and meat 
is broader than hamburger. Suppose that the good in question were food. A rise 
in the price of food induces little substitution away from it because there exist 
only poor substitutes for food taken as a whole. If the good is meat, then better 
Substitution possibilities exist. Vegetables are a relatively good substitute for 
meat, and certainly a better substitute than is, say, housing for food. As the 
definition of the good becomes even narrower (hamburger) the substitution pos- 
sibilities are even better. Steak is a “closer” substitute for hamburger than are 
vegetables for meat. When the definition is extremely narrow (say hamburger 
purchased at ABC market) the ability to substitute becomes close to perfect. 
If ABC raises its price, consumers can switch to purchasing from DEF across 
the street. 


Pastiy: A Concise Way to Describe Substitutability 


It is desirable to express the amount of substitution away from a good in a concise 
fashion. The price elasticity of a good is defined as follows: 


Price Elasticity of Demand: Price elasticity of'demand is the percent of 
change in the quantity of a good demanded that is induced by a 1 percent 
change in price. A formal algebraic definition of price elasticity will be 
provided in Chapter 5. 


*Algebraically, if the demand for good 1 is represented by 
qı = f(Pi; y, Pa, Ps, i. -p Py) 
where q, is the quantity of good 1, P, is the price of i, and y is income, then & dP, represents 
the movement along a demand curve and £ dy, dPa, 3; dP;,..., X dPy are all shifts in the 
mand curve. 
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To see that this fits with the notions described above, consider the demand for 
food. Because there are few, if any, good substitutes for food, the price elasticity 
is very small, that is. close to zero. An increase in the price of food is likely to 
be accompanied by only trivial changes in the amount of good demanded because 
there is little that the consumer can do to avoid consumption of this increasingly 
expensive good. But an increase in the price of hamburger at ABC market is 
likely to induce some significant movement toward purchase of other types of 
meat or of hamburger at other markets. At the extreme, the price elasticity is 
infinite: an infinitesimally small change in the price of a good induces complete 
substitution away from that good and toward something else. 

Although elasticity is not the same as the slope of the demand curve, slope is 
one of the ingredients in the determination of elasticity. At a given price/quantity 
point on the demand diagram, flatter demand curves have higher associated 
elasticities than steeper ones. At one extreme, a perfectly elastic demand curve 
is a horizontal line so that the smallest increase in the price drives the amount 
demanded to zero. At the other extreme no increase in price affects the amount 
demanded, so the demand curve is vertical. 


Example 
PERT 


The concepts of demand curves and elasticity are important in many business 
decisions. One example follows: i 

Consider an entrepreneur who owns two movie theaters. One is located in the 
entertainment district of a large city. The other is located in a rural community 
that is 75 miles from the nearest city. The price per ticket is currently $4. The 
owner is considering.a price increase and is trying to determine whether to raise 
prices in the urban theater, the rural theater, or both. A crucial ingredient to the 
decision is the effect of the price increase on the number of tickets sold. What are 
the major factors that the entrepreneur should consider? 

A number of answers are possible, but two immediately come to mind and 
tend to operate in opposite directions. First, recall that the location of the demand 
curve depends on income. The average income of individuals in the city is likely 
to be higher than the average income of individuals in the rural community. If 
this is so and if wealthier people attend more movies, then the profit-maximiz- 
ing price of movies in the city is almost certainly higher than the profit- 
maximizing price of movies in the rural community, other things equal. But other 
things are not equal. 

Recall that the ability to substitute away from a good varies with the good in 
question. Large cities have a number of movie theaters and other entertainment 
attractions as well. The urban dweller can more easily substitute away from the 
increasingly expensive movie than can his rural counterpart. This works in the 
direction of a lower optimal price in the city, where there is a great deal of 
competition for the consumer’s entertainment dollar, than in the country. 
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The fact that the net effect is ambiguous at this stage is unimportant. What is 
important is that demand curves and the concept of elasticity allow us to think 
more systematically about the kinds of issues that face decision makers and policy 
makers daily. 


In the same way that demand curves describe buyers’ preferences for a good, 
supply curves describe the seller’s desire to make the good available. The basic 
idea is simple. Generally, the more someone is willing to pay for a good, the more 
interested is a seller in supplying it. What is most important in the discussion of 
supply curves and their shapes is the ease with which production can be expanded 
to a large scale. For example, a farmer with a great deal of idle land can respond 
to an increase in next year’s price of wheat by expanding the acreage under 
cultivation. A farmer who has no idle land can expand production only by finding 
available land that he can rent or purchase. He is unlikely to go to the trouble 
unless the selling price goes up by a substantial : mount. Supply curves are merely 
a graphical way to describe his willingness to respond with additional goods to 
an increase in the selling price. 


The Individual Firm’s Supply Curve and the Market Supply Curve 


Consider the supply of shirts by Acron Clothiers. Given the current physical 
Structure, it is straightforward for Acron to produce 10,000 shirts per year, 
Suppose that the labor and material cost associated with the production of 10,000 
shirts in that one-year period were $100,000. Then at a price of $10 per shirt, the 
firm could just cover labor and material. If the price of shirts fell below $10, no 
shirts would be produced because the selling price would not even cover the cost 
of material and labor.’ So the amount supplied by Acron is zero for any price 
under $10. 

At a price of $10.01, the firm is willing to supply the 10,000 shirts, but if the 
price were to rise to $20, it might pay to convert some of the facilities previously 
used to make trousers to shirt production. Suppose that this would yield another 
5,000 shirts. If the price were to rise to $50, it might then become profitable to 
rent sewing machines and move them into the vacant warehouse across the street. 
This yields another 15,000 shirts, so that the total produced at a price of $50 is 
30,000. Table 1.2.1 describes the supply schedule for Acron Clothiers, Alterna- 


tively, the schedule can be presented in graphical form. This supply curve is 
shown in Figure 1.2.1.a. 


*This ignores any complications that are introduced by possible effects of this year’s production 
on next year's demand. 
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Figure 1.2.1.a Acron supplier 
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Table 1.2.1 Acron's supply schedule 
Price 
re ee a irl te 


Quantity Supplied 

$5 0 

8 0 
10 10,000 
20 15,000 
30 20,000 
40 25,000 
50 30,000 


Figure 1.2.1.b Dayton supplier 
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Other firms may face different production possibilities. Their supply schedules 
are shown in Figures 1.2.1.b and 1.2.1.c. 

It is straightforward to go from the individual supply curves to the market 
Supply curve in the manner that applied for demand curves. The horizontal sum 
of the supply curves of all the firms generates the market supply curve. This is 
because what we are interested in at the market level is the total amount supplied 
at any given price, and summing over quantities for a given price provides 
this information. For example, at a price of 10, Acron supplies 10,000, 
Dayton supplies 5,000, and Toledo supplies 7,000, implying a total supply of 
22,000, given that there are no other shirtmakers in the market at this time 
(Figure 1,2.1.d). 

One point to notice is that the market supply curve tends to be “smoother” than 
{ny of the individual supply curves. This is because some of the idiosyncra- 
cies in individual firms’ behavior are ironed out at the aggregate level. This is 
analogous to the proposition that averages tend to be smoother than individual 
observations. 
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Figure 1.2.1.¢ Toledo supplier 
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Figure 1.2.1.4 Total supply 
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Movements along, versus Shifts in, the Supply Curve 


As with demand curves, it is important to distinguish movements along a supply 
curve from shifts in the curve. An increase in the supply of a good refers to a shift 
in the entire schedule of supply, that is, to a shift in the supply curve. An increase 
in the amount supplied corresponds to movement that occurs as the price of the 
good in question increases. As such, it is a movement up the supply curve without 
any shifts implied. Above, movements along the supply curve occurred when the 
price of shirts changed. For example, when the price rose from $10 to $30 the 
number of shirts supplied by Acron increased from 10,000 to 20,000. This 
experiment holds, all other things being constant. 

In the case of demand, the most important other things were (a) prices of 
substitutes and complements and (b) income. In the case of supply, the most 
important other things are (a) prices of the factors of production and (b) tech- 
nology. First consider changes in the price of factors of production. Suppose, for 
example, that the price of labor and material fell from $10 per shirt to $7 per shirt. 
This_means that Acron would be willing to supply the first 10,000 for $7. 
Additionally, it might also imply that Acron would convert facilities at $17 per 
shirt rather than at $20 per shirt, and so forth. This is Tec) in a shift in supply 
curves as shown in Figure 1.2.2, 

A similar shift could have occurred because of a rapes in technology, rather 
than in the prices of factors of production. For example, the price of labor and 
material could have remained the same, but some technological innovation might 
have made shirt production more rapid, lowering the amount of labor necessary 
per shirt. Suppose that this change in technology lowered labor usage sufficiently 
to reduce the cost of shirt production initially to $7 per shirt. Again, the shift that 
would occur is the one shown in Figure 1.2.2. 
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Elasticity of Supply 
1.2.c 


The elasticity of supply is analogous to the elasticity of demand. It describes 
the responsiveness of seilers to a change in the price of the product. The defini- 
tion is: bd 


Elasticity of Supply: The elasticity of supply is the percentage change in 
quantity supply induced by a + percent change in price. 


The price elasticity of demand was a more precise way to discuss the con- 
sumer’s willingness to substitute one good for another. The elasticity of supply 
is a precise way to describe the seller’s ability to supply more of the product at 
nearly the same cost. 

Let us consider two extreme cases: First, suppose that the good we are 
discussing is raw fish, which gourmets know must be eaten within hours of being 
caught or the quality deteriorates significantly. A fisherman brings his catch to the 
market and offers it for saie. If its price is $10 per pound, he will sell the entire 
catch. If the price rises to $15 per pound, he has no more to sell so he still supplies 
the same amount. Even if the price were to fall to $5, since the fish cannot be 
stored, the fisherman continues to supply the entire amount. His supply of fish 
is perfectly inelastic, that is, it is totally unresponsive to price because a | percent 
change in price induces no change in the quantity supplied. Figure 1.2.3.a shows 
that situation. 

The opposite situation is shown in Figure 1.2.3.b. This corresponds to a good 
of which the supply is perfectly elastic. For example, suppose that this is the 
supply of GM stock by one brokerage house on Wall Street on October 17, 1989, 
at 2:03 P.M. If the market price of the stock at that point is $80, then this brokerage 
house is willing to supply not only one share, but two, three, five hundred, or ten 
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Figure 1.2.3.a Perfectly inelastic supply 


Price (dollars) 


= 
a 


= 
o 


Figure 1.2.3.b Perfectly elastic supply 
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thousand shares at that price plus brokerage fee because it can always acquire 
those shares to sell from the market. Thus, the supply is perfectly elastic because 
the seller can supply more of the good at the same cost. 


a Elasticities in the Short and Long Run 


The elasticity of supply tends to be greater in the long run than in the short run 
because it is easier to increase the amount produced when the firm has more time 
in which to do it. This is obvious if one considers agricultural products. Suppose 
that the price of tomatoes rises unexpectedly on a given day. There is little that 
farmers can do to supply more tomatoes because it takes considerable time to 
grow them. Thus, the supply of agricultural products tends to be very inelastic 
in the short run. 

If the price increase were expected to persist, then farmers would respond to 
the change by allocating more acreage to tomato plants and less to other crops. 
Over a few-month period, the number of tomatoes to be sold could respond 
significantly to price increases. 

Roughly speaking, then, supply curves tend to be flatter in the long run than 
in the short run. The long run offers opportunities to expand output that are not 
available instantaneously. 


MAA EQUILIBRIUM 


Virtually all of the questions that are of interest in economics involve market 
equilibrium and how that equilibrium shifts with changes in factors that affect the 
supply or demand curves. Roughly speaking, equilibrium is the situation that 
results as supply and demand interact in the marketplace to determine a quantity 
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bought and sold and a stable price. Much of the time, it is changes in prices that 
are of concern to planners, but just as frequently quantities sold are of im- 
portance. In fact, an equilibrium determines both simultaneously, and it is rarely 
sensible to talk about one without also being cognizant of the other. 

We define market equilibrium as: 


Market Equilibrium: A price—quantity combination that results from the 
interaction of the supply curve and the demand curve such that at the 
indicated price, the quantity demanded equals the quantity supplied. The 
equilibrium has the property that once the market settles on that point it stays 
there unless either supply or demand shifts. Additionally, a market that is not at 
the equilibrium price—quantity combination moves toward that point. 


Marker Equilibrium: A Graphical Representation 
3a 


In Figure 1.3.1 the equilibrium in the shirt market is shown at point A. The 
equilibrium lies at the intersection of the supply and demand curves. As is often 
the case in economics, something magical occurs at the intersection of two 
curves, especially when they are supply and demand. 

In Figure 1.3.1 the equilibrium price is Po, and the equilibrium quantity is Qo. 
Point A is an equilibrium because all sellers can sell as many shirts as they want 
to at the equilibrium price, Py, and all consumers can buy as many shirts as they 
want to at price Po. At price Po, sellers want to supply Qo of shirts since point A 
is on the supply curve. At price Py, consumers want to buy Qy of shirts since point 
A is on the demand curve. Supply equals demand, so there are no dissatisfied 
buyers and no dissatisfied sellers. This is the essence of an equilibrium. 

This does not imply, of course, that consumers would not be happier if they 
could buy more at a lower price. Similarly, sellers would be happier if they were 
able to supply more goods at a higher price. But given that the price is Py, all who 
want to sell can do so and all who want to buy can do so at that price. 

There is no reason for the economy to move away from point A once that 
situation has been attained. Point A therefore meets the first condition for qual- 
ifying as an equilibrium: Once the market settles at that point it stays there. 
All agents are satisfied. But what if for some reason the price were not Po, but 
rather P,? 

At P,, suppliers want to supply S, of the good and consumers want to buy D, 
of the good. Since $, exceeds D,, a surplus exists. Some suppliers who would like 
to sell shirts at price P, will be disappointed because there are not enough buyers 
to go around. But a disappointed seller has another course of action. Rather than 
go home with the shirt in his possession, he can compete by undercutting the price 
of those sellers who threaten to be successful. He can offer to sell a shirt at a price 
Jess than P, to a buyer who would have bought from another seller at P,. This 
strategy is superior to not making a sale at all. But then the other seller is 
disappointed. He retaliates by cutting the price even lower. The price falls until 
it reaches Po. At Po there are no disappointed sellers, nor are there disappointed 
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Figure 1.3.1 Equilibrium 
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buyers. Supply equals demand, so the market—previously not at an 
equilibrium — moves to the equilibrium at A. 

Notice that the surplus that existed when the price was P, was eliminated by 
two forces. First, as the price fell from P, to Po, sellers experienced a reduced 
desire to sell shirts. At the lower price of Po, sellers wanted to sell Qo of the good 
rather than S,. At the same time, the fall in price stimulated the desire by 
consumers to purchase the good. When the price was P;, consumers wanted to 
purchase D, of the good. When the price fell to Po, Qo of the good was desired. 
The increase in the amount demanded coupled with the reduction in the amount 
supplied eliminated the surplus that existed when price was 2}. 

A similar situation applies at the other end of the spectrum. Suppose that price 
were P>. At P}, sellers only want to supply Sz of the good, while consumers want 
to purchase D; of it. Thus, a shortage exists since demand exceeds supply. If the 
price of the good were to remain at P}, some consumers would be frustrated. 
Rather than accept this fate, a dissatisfied consumer can offer a seller a price 
greater than P, and secure that shirt for himself. But this leaves another consumer 
frustrated. That consumer retaliates by offering an even higher price. The process 
continues until the price is driven up to Po. At that price all those wanting to buy 
can and all those wanting to sel! can. Thus, if the market starts at a price below 
the equilibrium, forces exist to move it back to the equilibrium price of Po. 

Note that the shortage was eliminated by the interaction of two forces. As the 
price rose from P, to Po, sellers became more anxious to supply the good and the 
quantity supplied rose from S, to Qo. At the same time, the rise in price dampened 
consumer desire for the good and the amount demanded fell from D, to Qo. Both 
factors worked to eliminate the surplus, so supply equaled demand at price Pp. 
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Again, a market at the equilibrium point remains there, and one that is not at 
an equilibrium moves there. 


Effects of Changes in Demand on the Equilibrium š 


Armed with the concepts of supply, demand, and market equilibrium, it is now 
possible to answer the kinds of substantive questions that business leaders and 
policymakers ask of economists. The first kind of question is about changes in 
demand curves and the impact on market prices and quantities. 

Suppose, for example, that we are concerned about what will happen to the 
price and quantity sold of automobiles as the economy moves from bad times to 
good times. The relevant variable that will change is income. As economic 
conditions improve, the wealth level of the average citizen rises. Along with this 
increase in income is an increase in the demand for most goods. Automobiles are 
one such good. Recall that the kind of change brought about by an increase in 
income is a shift in the entire demand schedule, rather than a movement along it. 
The situation is illustrated in Figure 1.3.2. 

The demand for automobiles when times were bad was Do. The supply curve 
of automobiles (assumed to be stable for now) is fixed at $. During bad times the 
equilibrium price and quantity were Py) and Qo, respectively. With the start of 
good times, the demand for automobiles shifts to D,, (Note that there is nothing 
that requires that D, be parallel to Dp. This is a function of consumer preferences.) 
If the price were to remain at Po, then a shortage equal to Q’ — Qo would exist. 
Do is no longer relevant and with supply and demand curves S and D,, shortages 
result at a price of Py. A shortage implies that consumers compete for the scarce 
goods and drive the price up. This process continues until the price rises to P;, 
the new equilibrium price and quantity is Q,. Notice that Q, is smailer than Q’. 
Some of the increased demand is discouraged by the price increase that occurs. 
What is clear, however, is that an increase in demand can never result in a 
decrease in price or in a decrease in quantity sold. 

What factors affect the magnitude of the price and quantity change? Obvi- 
ously, the size of the demand shift will have a major impact. If D; were situated 
very close to Do, then there would be little change in price. Additionally, the slope 
or elasticity of the supply curve plays a major role. If the supply curve were 
steeper tan S, price would rise by more and quantity would rise by less than 
shown. In an extreme case, where supply is perfectly inelastic, all of the change 
in demand is manifested in a rise in price with no increase in quantity, as shown 
in Figure 1.3.3.a. At the other extreme, with a perfectly elastic supply curve, all 
of the increase in demand shows up as an increase in quantity sold, without any 
change in price. This is shown in Figure 1.3.3.b. 

Although the shape of the supply curve has a major impact on the effects of 
demand changes on quantity and price, it is important to recognize that supply 
and demand curves are independent. The shift in demand did not bring about 
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Figure 1.3.2 Demand increase Figure 1.3.3.a Demand increase when supply is 
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a shift in supply. It changed the amount supplied because the equilibrium 
price is higher in the new situation than in the old, inducing firms to supply a 
larger quantity. 


prects of Changes In Supply on Equilibrium 
3.C 


Let us pursue the example of the automobile market. Suppose that we are 
concerned now about the effects of an increase in the price of steel on the price 
of automobiles and the amount of automobiles sold. Steel is an input into the 
production of automobiles, so an increase in its price shifts the supply curve. To 
induce producers to supply a given number of cars, a higher price must be 
offered. The change is shown by the shift from Sp to S, in Figure 1.3.4. 

Note that as with demand curves, there is no reason that the shift in the supply 
curve must be a parallel one. Later, when cost relationships are considered more 
explicitly, we can say more about the exact nature of the shift. For now, however, 
it suffices to recognize that the supply curve shifts leftward. 

The equilibrium price rises from Pù to P, and the equilibrium quantity falls 
from Qo to Q,. At the old price of Po, a shortage of Qo — Q, exists. Competition 
tor the scarce goods drives the price up to P;. Two forces act to eliminate the 
shortage. The higher price makes producers willing to supply more goods to the 
market. At the same time, the higher price makes some buyers unwilling to 
purchase the good as the market moves up the demand curve. 

It is interesting that a decrease in supply reduces quantity sold, but increases 
price. Contrast this with a decrease in demand, which reduces quantity sold, but 
decreases price. 
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As before, the shift in the supply curve changed the amount demanded, but did 
not shift demand. Demand and supply curves are independent. Of course, the 
shape of the demand curve is crucial in determining the amount of price change 
associated with a decrease in supply. If the demand curve were perfectly inelastic, 
then all of the change in supply would manifest itself in an increase in price. At 
the other extreme, if the demand curve were perfectly elastic, then the entire 
change would show up as a decrease in quantity sold, but the price would remain 
the same. The two extremes are illustrated in Figures 1.3.5.a and 1.3.5.b. 


A Few Sample Questions 
1.3.d 


In this subsection, we illustrate the power of the simple supply and demand 
analysis by examining a few questions that might arise in the context of simple 
exchange, sophisticated business, or government. 


A Barter Economy 
1.3.0.1 


To begin, consider what would happen in a primitive economy that did not have 
money as we usually think of it and exchange is of the simplest form. The 
society’s products are limited, consisting, say, of rice, bananas, and beads. 
Suppose that there are 300 people on the island and suppose that in the initial 
equilibrium, 150 produce rice, 125 produce bananas, and 25 are artisans, fashion- 
ing beads into necklaces. 

Suppose, for simplicity, that all islanders have equal ability. and can enter any 
of the three occupations. Specialization occurs because more can be produced by 
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spending all of one’s work time in one activity than by dividing time up over a 
number of different tasks. (For example, if half the day is spent growing rice and 
the other half is spent picking bananas, then time is wasted during the commute 
from the rice fields to the banana groves.) 

In this initial equilibrium, it must be the case that all individuals have the same 
command over resources. This proposition, which will come up many times in 
the future, is true when individuals have identical abilities and can move freely 
from one occupation to another. If it were not true, occupational shifts would 
occur. For example, suppose that banana picking were more lucrative than rice 
growing. Individuals would enter banana picking and exit rice growing. This 
would teduce the supply of rice, driving its price up and increase the supply of 
bananas, driving its price down, until earnings were equated across occupations. 

The question that we want to address has to do with crop failure in this 
economy. Suppose that a banana-craving insect unexpectedly infests the banana 
groves and destroys half of the banana crop. What does this do to the price of 
bananas, the price of rice, the price of beads, and to the income of banana growers 
in the short run? 

The basic tools that we have developed in this chapter are sufficient to give 
a reasonably clear set of predictions. Although the developments of later chapters 
will assist in refining the analysis, much can be said already. 

First, it is necessary to specify prices in terms of some commodity, arbitrarily 
chosen to be beads. The commodity in which prices are specified is called the 
numéraire. Suppose that, initially, one pound of rice traded for three beads, 
whereas one banana traded for two beads. The initial situations are shown in 
Figures 1.3.6.a and 1.3.6.b, where subscripts 0 refer to the situations before the 
crop failures. As stated, the prices, determined by the intersection of supply and 
demand are at 3 and 2, respectively. 
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The first effect of the banana crop failure is to shift the supply curve in Figure 
1.3.6.b from Sp to S,. This immediately raises the bead price of bananas from 2 
to 2.25 and this is the primary effect. But in this economy, since there are only 
two types.of food, rice is the only real substitute for bananas. An increase in the 
price of bananas affects the demand for rice in the same way that an increase in 
the price of margarine shifts some consumers toward butter. The demand for rice 
shifts out as a result of the increase in the price of bananas. This raises the bead 
price of rice as well. (Consequent effects on the demand for bananas are ignored.) 
Thus, the price of bananas rises, but the quantity of bananas falls. The price of 
rice rises, and the quantity supplied does as well. In the short run, the ability of 
rice producers to increase the amount of rice supplied to the market is limited, as 
reflected by the inelastic nature of the supply curve. 

What happens to the income of the banana pickers? The total amount spent on 
bananas is measured by the price of bananas times the quantity sold. In the initial 
situation, this amount was given by area OABC.. If each of the 125 banana pickers 
is identical, then each one received 1/125 of that amount. After the failure, the 
totel revenue slipped to area ODEF, which is smaller than OABC. Therefore, 
1/125 of ODEF is smaller as well, so each picker’s income falls.* By contrast, 
the rice growers benefit as a result of the banana crop failure. The price increase 
induces some who were eating bananas to eat rice and this causes the total 
revenue of rice growers to rise. If all rice growers are identical, each now receives 
1/150 of a larger number. 


‘It is actually possible for the income of banana growers to increase as well. If the demand for 
bananas were inelastic, then a shift in the supply curve would increase total revenue of the pickers 
in terms of beads. The individuals who would suffer under these circumstances would be the artisans, 
whose products are shunned as the economy moves to depression conditions. 
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In the long run, movements from one occupation to another take place 
in response to different incomes available across occupations. The nature of 
these movements is quite complex, however, and we leave that analysis to 
later chapters. 


An Example from the Corporate Sector 
1.3.4.2 


Let us move to a modern economy and a more current problem. The scene is the 
personal computer market, which has taken off in recent years. You are the 
president of Modern Computers, Inc. Your firm was the first to market personal 
computers on a large scale, but the market has become quite competitive, with 
20 firms dividing total sales about equally. You anticipate two developments 
during the next year and you are interested in being able to predict what 
will happen to the price of personal computers this year as a result of those 
developments. The first is that the computer operators’ union has agreed to major 
wage concessions. (Computer operators are used only with large, mainframe 
computers.) The second is that a new chip has been invented, which makes 
production of personal computers only about half as expensive as they were 
previously. 

The initial situation is shown by the intersection of Dy and Sp in Figure 1.3.7. 

The wage concession by computer operators is likely to reduce the price of 
using mainframe computers. Since mainframes are a substitute for personal 
computers, this reduction in mainframe price shifts the demand for personal 
computers to the left, reflecting a decrease in demand. This is illustrated by the 
shift to D,. 

. The change in chip technology reduces the cost of producing personal comput- 
ers. This does so not only for Modern Computers but also for all computer 
companies in the personal computer industry. The result is to cause an increase 
in the supply of personal computers, shifting the supply curve rightward. This is 
illustrated by the shift from Sy to S;. 

The result of the two developments is unambiguous: Prices will necessarily 
fall over the year. Part of that price fall will be offset by cost reductions as a result 
of the new technology. But part is likely to imply a reduction in the profits of 
Modern Computers, because the decrease in demand caused by the wage conces- 
sions in the rival industry is not balanced by a concomitant cost reduction, Note 
further that although the direction of price movement is clear, the quantity sold 
may rise or fall, depending on the relative strengths of the supply and demand 
shifts. 

Decision makers in business often encounter this kind of ambiguity in the 
problems they face. To translate this analysis into the concrete terms that are 
required in an actual business decision, it is necessary to obtain more precise 
estimates of the effects of the various economic forces involved. This often 
requires the personal judgment of the decision maker in addition to the use of 
various statistical techniques. 
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Government Policies 
1.3.d.3 


Many of the questions in which economists are interested center around gov- 
ernment policy— its effects on output and its distribution. The policy that we 
consider here is a subsidy on the production of milk. Suppose the government 
is considering the following policy: For every gallon of milk that the dairy 
farmer produces, he receives a direct payment of $.15 from the federal gov- 
ernment. The government is interested in determining what this policy will do to 
the price that consumers pay for milk. Additionally, the senator from Wisconsin 
favors the policy while the senator from Florida opposes it. The Department of 
Agriculture would like to understand why before proceeding with the subsidy. 

The first questión is what happens to the price of milk that consumers pay 
and the quantity of milk sold. This is easily analyzed by an examination of Fig- 
ure 1.3.8. The most obvious effect is that the supply curve of milk shifts from 
So to S;. Note that the $.15 subsidy now is like an increase in the price that 
producers receive, but not an increase in the price that consumers pay. Thus, with 
the subsidy, farmers are willing to produce as much milk at a consumer-paid price 
of $.85 as they would without the subsidy and a consumer-paid price of $1.00. 
Our prediction about the shift in the supply curve is very precise because the only 
direct effect of the subsidy is to change the amount received by producers for any 
given price. 

The quantity of milk sold will surely rise, but the extent of the rise depends 
on the elasticity of demand for milk. The demand for milk is likely to be quite 
inelastic so that most of the effect of the shift in supply is likely to be a decrease 
in the price paid by consumers, rather than an increase in the amount of milk 
produced. 
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Figure 1.3.8- The effect of a government subsidy on milk 
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Even though the price has fallen, it is clear that producers are better off as a 
result of the subsidy. Before, they sold My at a price of Py. Now they sell M, 
(which exceeds Mo) at a price of P,. Although P, is less than Pp, the price received 
by producers is P, + $.15 or $.85. That amount, $.85, is larger than P}, so 
producers must be better off. They always have the option to sell only Mo at $.85 
and that clearly dominates selling Mo at Py. The fact they choose to sell M, must 
make them better off. 

That the senator from Wisconsin favors the subsidy is now clear because 
Wisconsin is a milk-producing state. But why should the senator from Florida 
oppose it? There are two reasons. First, Florida engages in relatively little milk 
production so its population is not likely to benefit from the subsidy as producers. 
Furthermore, as will be shown in later chapters, the cost of the subsidy to 
Floridians necessarily exceeds the benefit received in‘lower milk prices. The 
second reason is that milk and orange juice are substitutes, at least to some extent, 
and Florida is a major producer of orange juice. A fall in the price of milk shifts 
the demand for orange juice to the left as shown in Figure 1.3.9. This implies a 
decrease in the quantity of orange juice sold and a decrease in the price at which 
it sells. Both of these effects make orange juice producers worse off. 
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Figure 1.3.9 The effect of a government subsidy on 
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SYNOPSIS 
1.4 


This chapter illustrates that a large class of important questions can be answered 
with the simple tools of supply and demand. As the book progresses, the analyses 
become more sophisticated and complex. This allows us to answer more subtle 
questions with additional accuracy and detail. But the underlying theme is the 
same: There are no issues in economics that cannot be reduced to questions of 
supply and demand. At some level, these notions can incorporate all of the 
complications and difficulties that reality imposes on the analyst. 
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CHAPTER 


Theory of Utility and 
Preferences 


According to a newspaper article included in the “Applying the Theory” sec- 
tion of this chapter, in 1981 England imposed two tax increases on cigarettes, 
which raised the tax by 30 percent. Will this decrease the quantity of ciga- 
rettes smoked in England? Would it have been more effective to increase the 
tax on cigarettes with high tar and nicotine, rather than on all cigarettes? To 
answer these questions, we will need to look behind the demand curve de- 
fined in the previous chapter. This chapter begins that process by examining 
consumer “preferences” (or tastes) in detail. It will be an important step to- 
ward answering the questions posed at the beginning of this paragraph. @ 


P A 


LONDON — After puffing doggedly 
through years of alarming reports on the 
risk to their health, hundreds of thousands 
of British smokers have kicked the habit in 
the past six months — persuaded by savage 
tax increases. 

Tobacco company executives, reporting 
a 10 percent drop in sales, say this time 
smokers are sticking to their resolution. 

A survey in The Guardian newspaper 
described it as “the biggest and most 
abrupt change in national smoking habits 
since cigarettes were introduced at the turn 
of the century,” and estimated that 2 million 
of Britain’s 17 million adult smokers have 
quit. 

Their will was stiffened by two 1981 tax 
increases. In an austere March budget, the 
Conservative Government slapped an extra 
30 cents on the tax for a pack of 20. 

It followed with another increase in 
July, sending the tax up 30 percent in six 
months and the average price of a pack to 
the equivalent of about $2.50. 

The tobacco companies, which report 
falling profits, are due to add an additional 
3 cents inthe fall. _ 

The treasury collects 75 percent of the 

_ retail price. It will get an estimated 
$10 billion this year. 

“I think any industry which has to carry 
this kind of burden is bound to be 
worried,” said a spokesman for the 

- Tobacco Advisory Council, which 
represents manufacturers. 

Britons now pay up to three times more ` 
or cigarettes than do other Western f 
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Tax Increases Persuade Britons to Kick Expensive Smoking Habit 


APPLYING THE THEORY 


Europeans. Smoking is considered the 
single biggest cause of premature deaths, 
killing at least 50,000 Britons a year, 
mainly through heart disease and lung 
cancer. 

Since the mid- 1960s, the health 
department has been reeling out statistics 
and eminent physicians’ reports. It has 
been backed by compulsory health 
warnings on cigarette packs and 
“voluntary” agreements with tobacco 
corporations to curb advertising, including 
a ban on television ads. 

Even so, cigarette consumption has 
fallen only gradually until now, but 
smokers’ determination to quit has been 
aroused as never before by Chancellor of 
the Exchequer Sir Geoffrey Howe. The 
downturn is most marked among the 
professional classes —only 21 percent now 
smoke. A 1980 Government survey 
indicated that 39.5 percent of adult Britons 
smoked. 

Herbert Bentley, assistant managing 
director of Imperial Tobacco, the largest 
British manufacturer, said there is no sign 
of recovery in consumption. He estimated 
the overall drop for the year will be 
between 8 and 15 percent. 

Mr. Bentley estimates total sales of 
107 billion cigarettes this year, compared 
with 121.5 billion in 1980. Retailers report 
a run on packs of 10 instead of 20s. 

David Simpson, director of the indepen- 
dent, Government-financed anti-smoking 
organization Action on Smoking and 

(continued on page 34) 
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(continued from page 33) curves for smokers: one set of indiffer- 
Health, has been skeptical of sales figures, ence curves between cigarettes that are 
maintaining that tobacco companies have high in nicotine and tar and cigarettes 


reported slumps in the past to drum up that are low in nicotine and tar; a sec- 
Government concern about increasing ond set of indifference curves between 
unemployment. cigarettes (all types) and other goods. 
But now Mr. Simpson says: “We are 
really quite thrilled. We-are fairly 
optimistic there is a real change, which 
will be a lasting one as long as the 
chancellor moves to keep prices up.” 


(Note: We will refer back to this article at 
the beginning of Chapter 3 and consider 
further questions at that time.) 


Solution: 
Question 1 


. Low- and high-tar cigarettes are good 


1. Suppose most smokers care more about substitutes for each other. There are 
whether they smoke than about which few good substitutes for the general 
type of cigarette they smoke. Draw two category of cigarettes. This leads to the 


separate diagrams of indifference following set of indifference curves: 


Diagram 1 Diagram 2 


High tar 
Other goods 


Low tar Cigarettes 
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INTRODUCTION 


Each individual or household has a fairly accurate notion of what its money 
income will be for a reasonable planning period, say a year. It also has some 
notion— perhaps not too well defined —of the goods and services it wants to 
buy. The task confronting every household is to spend its limited money income 
so as to maximize its economic well-being. No individual or household, of 
course, actually succeeds in this task. To some extent this failure is attributable 
to the lack of accurate information; but there are other reasons as well, such as 
impulse buying. Yet in any event, the more or less conscious effort to attain 
maximum satisfaction from a limited money income determines individual de- 
mand for goods and services. 

The last chapter presented a basic view of how economics could be used to 
answer some simple questions. As the questions become more complex, it be- 
comes useful to call upon more sophisticated machinery. To do this, more formal 
definitions and deeper analyses are needed. We start by looking behind the 
demand curves, in search of basic elements with which a description of prefer- 
ences can be constructed. 

Often it is helpful, from a pedagogical point of view, to make simplifying 
assumptions so that the essence can be presented in the most straightforward 
manner. As the book proceeds, many of these assumptions are relaxed, and the 
reader will see that they rarely distort the important meaning of a particular 
analysis. Additionally, these assumptions rarely create a schism between ana- 
lytics and economic reality. 


The Nature of Commodities 


The goods and services consumed by the household are generically called com- 
modities. It is convenient to think of commodities as providing a flow of con- 
sumption services per unit of time. The objects of choice are then the services 
provided by the commodities rather than the commodities themselves. This 
allows us to handle durable goods such as automobiles, television sets, and 
houses in a manner strictly analogous to nondurable goods and services such as 
food, haircuts, and theater tickets. What at first glance might appear to be 
problems arising from product indivisibilities are easily handled by using this 
convention: it makes little sense to talk about an individual consuming half an 
automobile, but it is quite natural to think of using half (or any other fraction) of 
the services of an automobile per unit of time. Car pooling, rental, or any one of 
a number of other strategies can be used to adjust the service flow per unit of time. 

There is nothing in the theory that severely limits the scope of what we call 
“commodities.” The theory allows us to analyze choices involving where we live, 
the allocation of time between work and leisure, the amount of income given to 
charity, and many other dimensions of consumer behavior. 
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Full Knowledge 


We assume that each consumer or family unit has complete information on ali 
matters pertaining to its consumption decisions. A consumer knows the full range 
of goods and services available in the market; he knows precisely the technical 
capacity of each good or service to satisfy a want. Furthermore, he knows the 
exact price of each good and service, and he knows these prices will not be 
changed by his actions in the market. Finally, the consumer knows precisely what 
his money income will be during the planning period. 

In point of fact, the assumptions introduced above are unnecessarily restrictive 
so far as demand theory is concerned. To derive demand functions and indiffer- 
ence curves (see below), it is only necessary to assume that (a) the consumer is 
aware of the existence of some goods and services; (b) he has some reactions to 
them, that is, he prefers some goods to others; and (c) he has some money income 
so as to make these reactions significant in the market. Actually, the more rigid 

_ set of assumptions contained in the previous paragraph are necessary only when 
we come to the theory of welfare economics (at the end of the book). But since 
an assessment of economic welfare resulting from competitive markets is a 
central task of microeconomic theory, the more restrictive assumptions are intro- 
duced at this time. 


The Nature of Commodities 
2.1.¢ 


A household will consume a large variety of different commodities, and we will 
refer to this collection of different commodities as a commodity bundle. To attain 
its objective — maximization of satisfaction or utility for a given level of money 

- income—the consuming unit must be able to rank different commodity bundles. 
That is, the consumer must be able to compare alternative commodity bundles 
and to determine his or her order of preference among them, To this end we 
assume that each consuming unit is able to make comparisons among alternative 
commodity bundles that satisfy the following conditions: 


1. For any two commodity bundles, A and B, the consuming unit is able to 
determine which provides the most satisfaction. If A provides more satis- 
faction than B, then we say A is preferred to B, and if B provides more 
satisfaction than A, we say B is preferred to A. If both bundles provide the 
same satisfaction, we say the customer is indifferent between A and B. 

2. IfA is preferred to B and B is preferred to C, then A is preferred to C. 
Preference is a transitive relation. Similarly, if A is indifferent to B and 
B is indifferent to C, then Ais indifferent to C. 


An example will help to clarify these concepts. 

Suppose there are only two goods, X and Y. The preferences of a given 
consumer are shown in Table 2.1.1 and illustrated in Figure 2.1.1. Commodity 
bundle A is preferred to all other bundles. The consumer is indifferent among 
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Bundle Amount of X Amount of Y Rank Order* 
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Figure 2.1.1 Ordering of bundles in Table 2.1.1 
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bundles B, C, and D, indicating that this consumer is willing to take less Y if he 
or she gets enough more X in return. Bundle B is preferred to E (the latter has 
less Y and the same amount of X). Similarly, E is preferred to F (the latter has 
less X and the same quantity of Y). Finally, G and H are indifferent to F, the 
consumer being willing to substitute X for Y in his or her consumption pattern. 

Figure 2.1.1, which is often called a commodity space, is interpreted as 
follows: Each point in the space describes an allocation of X and Y, not X or Y. 
So at point F, the consumer is considering the allocation of one unit of X and four 
units of Y. To say that the consumer is indifferent between F and G implies that 
he is indifferent between the bundle 1X and 4Y and the bundle 2X and 2Y. It does 
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not imply that he is indifferent between 4Y and 1X. That comparison would 
involve ranking point J against point K. 

The assumptions necessary to analyze consumer behavior can be set out in the 
following compact form: 


Assumptions: (a) Each consumer has exact and full knowledge of all 
information relevant to his consumption decisions — knowledge of the goods 
and services available and of their technical capacity to satisfy his wants, of 
market prices, and of his money income. 

(b) Each consumer is able to make comparisons of commodity bundles 
such that (/) for any two bundles, A is preferred to B, B is preferred to A, or 
the consumer is indifferent between A and B; (ii) if A is preferred (indifferent) 
to B and if B is preferred (indifferent) to C, then A is preferred (indifferent) 
to C, 


UTILITY AND PREFERENCE 


38 


The analysis of consumer behavior is greatly facilitated by the use of a utility 
function that assigns a numerical value or utility level to commodity bundles. The 
reader may find it difficult to accept the idea that the highly subjective phenome- 
non of consumer preference, which obviously depends on each person’s physio- 
logical and psychological make-up, can be so quantified. For most of our 
purposes, however, the particular numerical values assigned to commodity bun- 
dles are not of significance in their own right. All that is required of the utility 
function is that it reflect the same rankings that the consumer assigns to alterna- 
tive commodity bundles. If the consumer prefers bundle A to bundle B, the utility 
function has to assign a larger numerical value to bundle A than to bundle B, but 
the actual numerical values so assigned are themselves irrelevant. Similarly, if the 
consumer is indifferent between bundle A and bundle B, the utility function must 
assign the same numerical value to each bundle, but the particular value so 
assigned is irrelevant. For example, the rank order assigned to commodity 
bundles A through H in Table 2.1.1 can be thought of as the numerical values 
assigned to these bundles by some utility function. Any other set of numbers, 
such as 20, 10, 10, 10, 8, 5, 5, 5, which preserved this ranking would do equally 
well for our purposes. A utility function that assigned the values 10, 9, 8, 7, 6, 
5, 4, 3 to bundles A, B, C, D, E, F, G, H, respectively, would not apply, 
however, since such an assignment of numbers would indicate that bundle Bis 
preferred to bundle C, whereas the consumer is in fact indifferent between these 
bundles. In short, all we require of the utility function is that it provide an ordinal 
measurement of the utility provided by commodity bundles, not a cardinal 
measurement. ' ` 


'The original approach to utility theory treated utility as cardinally measurable, In 
subsection 2.2.c we review historical developments that led to the modern (ordinal) theory of utility. 


Part One Demand, Supply, and Markets: An Introductory Look 


The utility function is nothing more than an algebraic description. of a con- 
sumer’s preferences. Table 2.1.1 revealed the consumer’s preferences in tabular 
form and Figure 2.1.1 did the same in graphical form. The algebraic notion of 
a utility function is somewhat more abstract, but often much easier to analyze and 
is an important tool of consumer theory. 


The Utility Surface 
2.2.a 


Once it is recognized that only the ordinal properties of the utility function are 
important for our purposes, no harm is done by considering a specific utility 
function. Indeed, this is probably the most convenient way to gain an under- 
standing of the ordinal properties in which we are interested. To illustrate with 
a concrete example, suppose the utility that Smith obtains from consumption of 
goods X and Y is given by the function 


U=x. 

In words, the utility is the product of the quantities of X and Y consumed by 
Smith. Using this utility function, Smith derives 100 units of utility from a bundle 
consisting of 10 units of X and 10 units of Y (100 = 10 x 10). Smith also 
derives 100 units of utility from a bundle consisting of 5 units of X and 20 units 
of Y-or from a bundle consisting of 1 unit of X and 100 units of Y. Smith is thus 
indifferent among these bundles. However, he prefers any of these bundles to a 
bundle consisting of 5 units of X and 5 units of Y since the latter has utility of 
only 25 according to the above function. 

Because we are concerned only with the ordinal properties of the utility 
function (that is, with the ranking assigned to the alternative bundles), there are 
many other utility functions that would represent Smith’s preferences equally 
well. For example, the utility function 


V = (xy)? 


gives the same preference ranking of the above-mentioned bundles. The bundle 
consisting of 10 units of X and 10 units of Y has utility of 10,000 with this new 
utility function, but so do the bundles consisting of 5 X and 20 Y, and 1 X and 
100 Y. Hence both U and V tell us that Smith is indifferent among these three 
bundles even though the cardinal value of utility depends on the particular utility 
function (10,000 compared with 100). 


Once we have one utility function that correctly reflects the consumer’s ordinal preferences, we 
can construct an arbitrary number of alternative utility functions that reflect the same ordinal prefer- 
ences. To see how, let f(z) be any function such that f(z,) > f(zo) whenever z, > zọ. Now consider 
any utility function U that correctly represents the consumer's ordinal preferences. Let V = f(U). If 
bundle A is preferred to bundle B, then U(A) > U(B), but then V(A) = f[U(A)] > f[U(B)] = WB), 
so V also ranks A higher than B. Similarly, if the consumer is indifferent between bundles C and D 
then U(C) = U(D), but then ViC) = f[U(C)] = f[U(D)] = V(D), so V also shows that the con- 
sumer is indifferent between C and D. Additional utility functions can easily be constructed by 
choosing different transformation functions like f(z). 
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Utility functions can be represented geometrically by a utility surface such as 

» the one shown in Figure 2.2.1. The utility surface is OXZY. Thus, if OX, units 

of X and OY, units of Y are consumed per period of time, utility is the vertical 

magnitude PP’. Similarly, if OX, and OY, are consumed per period of time, total 
utility is QQ’ 

Although Figure 2.2.1 looks complicated, it is nothing more than the com- 
modity space of Figure 2.1.1, augmented by a vertical axis that relates the utility 
associated with the bundle described by a point in the X,Y plane. Q’ is a point 
in the X,Y plane and refers to the bundle consisting of OX, units of X and 
OY, units of Y. The vertical distance, Q'Q, measures the utility associated with 
bundle Q'. For most purposes, the vertical axis is suppressed because. the nu- 
merical values of utility are unimportant. It is useful, however, to work through 
the three-dimensional diagram so that an understanding of what is implicit in the 
future can be gained. 

Suppose the rate of consumption of X is fixed at OX,. The curve EPRD then 
shows the total utility associated with OX, units of X and different amounts of Y. 
If consumption is OY,, utility is PP’; if consumption is OY;, (>OY,), utility is 
RR' (>PP’), and so forth. In like manner, if the consumption of X is held fixed 
at OX, units per period of time, the curve FSQC relates total utility to the rate 
of consumption of Y. The same analysis can be applied to a fixed rate of 
consumption of Y and a variable rate for X. If the consumption of Y is fixed at 
OY,, total utility is PP' if OX, units of X are consumed per period of time, SS’ 
(>PP’) if the rate of consumption is OX; (>OX;), ete. Thus the curve GPSA 
shows the level of total utility associated with OY, units of Y and various rates 
of consumption of X. Similarly, HROB shows the same thing when the rate of 
consumption of Y is fixed at OY, units per period of time. 


The Indifference Curve 
2.2.b 


The utility surface helps us to focus on the important concept of a constant utility 
contour or indifference curve which is the basis of the modern (ordinal) theory 
of consumer behavior. This concept may be explained by means of Figure 2.2.2. 
There are two goods, X and Y, and the total utility surface is OXZY, just as in 
Figure 2.2.1. If OX; units of X and OY; units of Y are consumed per period of 
time, total utility is RR’. If the consumption of X is greater—at the rate OX), 
for instance — the consumption of Y remaining unchanged, the level of utility is 
greater. But an essential feature of utility theory is that one commodity may be 
substituted for another in consumption in such a way as to leave the level of total 
utility unchanged. For example, in Figure 2.2.2, OX, — OX ı units of X may be 
substituted for OY; — OY, units of Y without changing total utility because P' 
and R’ yield the same utility level. If the rates of consumption are OX, of X and 
OY; of Y, total utility is RR’. If the rates are OX, of X and OY, of Y, total utility 
oe = RR’. Similarly, OX; of X and OY, of Y yield total utility of SS’ = 
"= RR’. : 
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Figure 2.2.1 Utility surface Figure 2.2.2 Utility surface with constant utility 
contours 
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In other words, one may “slice” or intersect the utility surface at the level 
RR' = PP' = SS' and determine all combinations of X and Y that will yield this 
constant level of utility. These combinations are shown by the dashed curve 
R'P'S’ in the X,Y plane. Since each combination of X and Y on R'P’S' yields 
the same level of utility, a consumer would be indifferent to the particular 
combination he consumed. In like manner, all combinations of X and Y on the 
dashed curve T'Q'V’ yield the same total utility (TT' = QQ' = VV'). A con- 
sumer would thus be indifferent as to the particular combination consumed. But 
a consumer would not be indifferent between a combination of X and Y lying on 
R'P'S' and a combination lying on T'Q'V'. Each combination on T’Q'V’ is 
preferred to any combination on R'P’S' because the former yields a higher level 
of utility (for example, TT’ > RR’). 

Curves such as R'P'S' and T’Q'V' are called indifference curves. 


Indifference Curve: An indifference curve is a locus of points in commodity 
space— or commodity bundles— among which the consumer is indifferent. 
Each point on an indifference curve yields the same total utility as any other 
point on that same indifference curve. If the utility function is given by 
U(X;,Xo,...; Xn) where X, is the amount of good 1 consumed, X2 the amount of 
good 2 consumed, and so on, then an indifference curve is defined as the set 
of all commodity bundles (X;,..., Xn) that satisfy the equation U(X;, X2,..., 

Xa) = c where c is the constant level of utility for that indifference curve. 
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A partial set of indifference curves is shown in Figure 2.2.3. Graphs such as this 
are called indifference maps.* 

The curve labeled I in Figure 2.2.3 might represent all combinations of X and 
Y that yield 10 “utils” of utility to a certain person. Similarly II, III, and IV 
represent all combinations yielding 19, 26, and 30 utils, respectively. The signifi- 
cance of the ordinal approach to utility is the recognition that the specific utility 
numbers attached to I, II, III, and IV are immaterial —the numbers could be 10, 
19, 26, and 30, or 100, 190, 270, 340, or any other set of numbers that increase. 
The salient point is that for the theory of consumer behavior, only the shape of 
the indifference map matters —the underlying utility surface is immaterial. The 
indifference map may be defined on a psychological-behavioristic basis without 
making use of the concept of measurable utility. The indifference curves and the 
concept of preference are all that are required —all bundles situated on the same 
indifference curve are equivalent; if bundle A is preferred to bundle B, then A 
and B will be on different indifference curves. 


Example: When U(X,Y) =-XY, the indifference curves are given by 
XY =c 


where c is the constant value of utility along the indifference curve. It is easy 
to check that the points X = 1, Y = 5 and X = 2.5, Y = 2 are on the same 
indifference curve (with c = 5). Now suppose we change the cardinal values 
of utility by squaring the utility function (see subsection 2.2.a) so 

V(X,Y) = [U(X,Y)}? = X?Y?. Once again it is easy to check that the points 

X =1,Y =5 and X = 2.5, Ý = 2 are on the same indifference curve (but now 
c = 25). This illustrates how the indifference curves remain unchanged 
(except for their numerical labels) under Monotonic transformations of the utility 
function. In other words, the indifference curves convey the relevant ordinal 
information about consumer preferences. 


pareoscents to the Modern Theory 
.2.c 


It is impossible to find an area of intellectual endeavor, be it music, mathematics, 
physics, or economics, where theory does not change. Changes in theory are a 
response to new questions, new empirical findings, and new conceptual break- 
throughs. Sometimes the new theory generalizes and extends the old theory and 
sometimes it replaces the old theory in the revolutionary sense. We can some- 
times deepen our understanding of modern theory by examining its intellectual 
precursors. The historical development of the theory of consumer utility provides 
a good example.* 


*An indifference map is generated by choosing different values for c in the expression 
U(X, Xn... „X =e. 


“The following discussion is based in part on George Stigler’s thoughtful essay “The Development 
of Utility Theory,” Journal of Political Economy 58 (August and October1950). The interested reader 
will wish to consult Stigler’s Paper for more detail. 
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Figure 2.2.3 Indifference curves 
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Jeremy Bentham (1789) employed the concept of cardinally measurable utility 
in his attempt to develop a rational system of civil and criminal law. David 
Ricardo and other economists of Bentham’s time did not pursue this approach and 
it was not until the work of Gossen (1854), Jevons (1871), and Walras (1874) that 
utility theory started to be generally accepted in economic analysis. Initially, 
utility was assumed to be measurable and additive, so that “utils” obtained from 
one commodity were not affected by the rate of consumption of other com- 
modities. To illustrate, if a slice of bread yielded 2 utils and a flagon of beer 
6 utils, the consumption of both bread and beer gave 8 utils. This approach is 
illustrated in Figure 2.2.4. Assume there are two commodities, X and Y, with 
utility functions for a given individual as shown in Panels A and B, respectively. 
If the individual consumes X, units of X, the measured utility is U, as seen in 
Panel A. Similarly, if Y, units of Y are consumed, measured utility is U}. The 
additivity assumption says that if X, and Y, are both consumed in the period, total 
utility is U, + U2. Algebraically, the measurable and additive utility function is 
expressed as 


U = VX) + U(X) + ... + U,(X,) 


where U+) (i = 1,2, ..., n) is the utility derived from commodity i and X; is 
the quantity of commodity i. 

While this formulation of utility theory provides certain analytical con- 
veniences, it contains two basic weaknesses. First, it is not clear that utility can 
be cardinally measured — at least none of the early writers was able to suggest 
a convincing way of doing so.* Second, the idea that utility is independent and 


“In 1918 Irving Fisher suggested that “wantability” might be a better term than “utility” and 
expressed the belief that in the future the science of measuring human wants would be developed. He 
proposed the word “wantab” as the unit of wantability that such a science would measure, See Irving 
Fisher, “Is ‘Utility’ the Most Suitable Term for the Concept It Is Used to Denote?” American 
Economic Review (June 1918). 
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Figure 2.2.4 Additive and measurable utility 
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additive is excessively restrictive— the utility of tennis balls must partially de- 
pend on tennis rackets. 

The restriction of utility to additive functions was removed by the work of 
Edgeworth (1881), Antonelli (1886), and Irving Fisher (1892). These writers 
assumed that utility was measurable and depended on the quantities consumed but 
not necessarily in an additive fashion. Thus, the utility function was written 


U= U(X, sia nly Xp) 


where X; is the rate of consumption of commodity i. Total utility thus came to be 
represented as a surface such as that shown in Figure 2.2.1. Even though these 
writers were aware of indifference maps, they continued to think of utility as a 
cardinally measurable quantity. The critical step in removing the measurability 
assumption was provided by Vilfredo Pareto (1906). Pareto’s great insight was to 
point out that it was not necessary to assume the existence of a unique measurable 
utility function to obtain indifference curves. Pareto argued that one could start 
with indifference curves, which in his view could be treated as a fact of experi- 
ence, and derive from them directly all that was necessary for the theory of 
consumer equilibrium.‘ This was a truly felicitous discovery; it neither denied nor 
confirmed measurability of utility but showed that the measurability question did 
not have to be resolved in order to have a viable theory of consumer behavior. 
In short, the indifference curves depended only on ordinal preferences; because 


“Pareto did not fully exploit his discovery, however. The derivation of consumer equilibrium was 
accomplished by Slutsky in a very important paper that was published in 1915. See E. E. Slutsky, 
“Sulla teoria del bilancio del consumatore,” Giornale degli economisti (1915). The translation, “On 
the Theory of the Budget of the Consumer,” appears in Readings in Price Theory, ed. G. Stigler and 
K. Boulding (Homewood, III.: Richard D. Irwin, 1952). 
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the indifference curves provided all the relevant information for consumer de- 
mand theory, this theory could be built on an ordinal preference foundation. 

Within the last 25 or so years, economists have become very interested in 
studying the effects of risk and uncertainty in economic behavior. As it turns out, 
efforts to deal with these questions have led to extensions of utility theory which 
reintroduce elements of cardinality to the analysis. Current research in economics 
reflects much less concern about the cardinality/ordinality issue than was the case 
50 or 100 years ago. 

Some of these extensions to situations involving risk will be considered in later 
chapters. For the présent, we will examine consumer preference and demand 
theory in the certainty case —a model that continues to play a very prominent role 
in economic theory and analysis. 


i aera ie OF INDIFFERENCE CURVES 


Indifference curves have certain characteristics that reflect assumptions about 
consumer behavior. In fact, one of the major uses of indifference curves is to 
examine the kinds of consumer behavior implied by different preferences, prices, 
and incomes. For simplicity, assume there are only two goods, X and Y. 

Consider the assumptions about consumer behavior in subsection 2.1.c. The 
first assumption is that the consumer can compare any two bundles in the com- 
modity space and decide that he or she prefers one of them or is indifferent 
between them. This means that there is an indifference curve passing through 
each point in the commodity space.’ 

Second, indifference curves cannot intersect. This is illustrated in Fig- 
ure 2.3.1. In Figure 2.3.1, I and II are indifference curves, and the points P, Q, 
and R represent three different bundles. Bundles R and Q are on different 
indifference curves, so either R is preferred to Q or Q is preferred to R. Suppose 
R is preferred to Q. Note that P and Q are both on indifference curve I. By 
property (ii) of subsection 2.1.c, indifference is a transitive relation. Thus, if the 
consumer prefers R to Q, ther by transitivity, P is also preferred to Q. But P and 
Q are on the same indifference curve so the consumer is indifferent between 
them. We thus arrive at a contradiction. A contradiction also arises if we assume 
Q is preferred to R. Hence, intersecting indifference curves, of the kind shown 
in Figure 2.3.1, are logically precluded by the transitivity assumption. 

This does not imply that all consumers will always describe their preferences 
in a manner consistent with transitivity. For example, one might rank 7, P, and 
R equally, but claim that he is indifferent between Q and S. This is logically 


7Strictly speaking, in order to assure the existence of a continuous utility function that is suggested 
here, an additional assumption about the continuity of consumer preferences is needed. Readers 
interested in the conditions needed to establish the existence of a cantinuous utility function should 
consult Gerard Debreu, The Theory of Value (New York: John Wiley & Sons, 1959), chap. 4. 
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inconsistent because it implies that $ is preferred to 7 and therefore to P and R 
and therefore to Q. A consumer has only a limited ability to distinguish between 
different commodity bundles and might mistakenly describe his preferences in an 
inconsistent manner. Most consumers, however, when made aware of the incon- 
sistency, straighten things out in an appropriate fashion. This merely points out 
that informational problems and difficulties of decision making are ignored in the 
most basic analyses..More advanced theory recognizes these difficulties, 

Third (as a consequence of the first and second points made), it is not neces- 
sary that indifference curves be parallel in the usual sense, Figure 2.3.2 illus- 
trates a perfectly reasonable indifference map where curves get closer together at 
the southeast part of the space. 

The distance between A and B is larger than the distance between C and D. 
But if every point in the commodity space has an indifference curve through it, 
how can all the curves that fit between A and B also fit between C and D without 
crossing or overlapping? 

The answer lies in the fact that indifference curves have no width. There is an 
infinite number of points between C and D as well as between A and B. The 
number of indifference curves that can be squeezed between A and B is infinite, 
but that same number fits between C and D! The confusion arises only because 
the line drawn on a sheet of paper has width to it, no matter how fine the pen 
point. 

The assumptions of subsection 2.1.c apply to all indifference maps. In many 
applications, further assumptions are made about consumer preferences and, 
hence, the character of indifference curves. Some of these are discussed in the 
next two subsections. 
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Chapter 2 


rs ae Sloped, Convex Indifference Curves — The Standard 
ase 
2.3.a 


In many problems of interest it is reasonable to assume that the commodity 
bundles consist of goods which the individual would like to consume in very large 
quantities if this were possible. In other words, it is often assumed that “more is 
better.” In the next subsection we shall see that, for a given consumer, not all 
commodities necessarily have the property that more is better, so it is useful to 
have a special term when discussing those that do. The term we will use for this 
is “MIB.” 


MIB; If a consumer always prefers more units of a commodity to less, that 
commodity will be called a MIB (more is better). Whether a commodity is a 
MIB or not is strictly a characteristic of the individual consumer's preferences 
and it is conceivable that a given commodity will be a MIB for one consumer 
but not for another. 


Consider two commodity bundles, A and B. Bundle A is said to be strictly larger 
than bundle B if it contains more units of every commodity. In the X,Y plane, 
A will be strictly larger than B if it lies to the northeast of B. If all commodities 
are MIBs, then a bundle that is strictly larger than another will be preferred by 
the consumer. It follows that when the commodity bundles contain only MIBs the 
indifference curves will be negatively sloped. The reason is that if both goods are 
MIB, then the individual can maintain the same level of satisfaction when acquir- 
ing more of X only by giving up some of Y. ‘ 

Another property of indifference curves, which is not limited by the assump- 
tions of subsection 2.1.c but which is often introduced for expository con- 
venience, is that indifference curves are convex. Convexity means that the indif- 
ference curve lies above its tangent at each point, as illustrated in Panel A, 
Figure 2.3.3. The indifference curve in Panel B is not convex (it is concave). 


Summary of Properties of Standard Case Indifference Curves 
2.3.4.1 


. An indifference curve passes through each point in the commodity space. 

. Indifference curves cannot intersect. 

. Indifference curves are negatively sloped. 

. Indifference curves are convex. 

. The higher or further to the right is an indifference curve, the higher the 
bundles on that curve are in the consumer's preference ordering, that is, 
bundles on higher indifference curves are preferred to bundles on lower 
indifference curves. 


Ub wn 
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Figure 2.3.3 indifference curve convexity 
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~ Characteristics of Indifference Curves — Some Nonstandard Cases 
2.3. 


We noted in the last subsection that not all commodities are MIBs. Some com- 
modities are “bads” rather than “goods.” Pollution, illness, risk, and tedious work 
are often cited as examples of bads. Remember that commodities are classified 


in terms of the preferences of a particular consumer—thus a teetotaler regards, 


wine as a bad, but for a gourmet it will be a good. 

To illustrate, suppose that Smith enjoys steak and lobster but believes in 
moderation when it comes to eating seafood. Smith thinks that steak is a good (in 
the MIB sense), but that beyond three lobsters a day, eating seafood is a bad. 
Smith’s indifference curves for steak and lobsters are shown in Figure 2.3.4. In 
this figure, indifference curve II is preferred to II and II is preferred to I. For 
three or fewer lobsters a day, both steak and lobsters are goods and the lower 
section of the curves have the standard properties described in subsection 2.3.a, 
Lobsters are a bad for Smith when consumption exceeds three of them a day. 
Beyond three lobsters a day the indifference curves have a positive slope because 
Smith needs more steak to compensate him for the loss of utility from the 
additional lobsters. 

One might object that Smith would simply refuse to eat more than three 
lobsters.a day. The trouble with this objection is that it fails to distinguish clearly 
between consumer preferences and consumer behavior. The indifference curves 
only indicate the consumer’s subjective reactions to different potential bundles; 
they do not. by themselves tell us which bundles will actually be chosen. To 
answer the latter question, we need information about the choices available to the 
consumer, Suppose, for example, that Smith were offered a choice among 
bundle A, bundle B, and bundle C in Figure 2.3.4 but only on the condition that 
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Figure 2.3.4 Smith's indifference curves 
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he does not throw away or give away any steak or lobster. Bundle C is on 
indifference curve III, so Sinith prefers it to both A and B even though it contains 
more than three lobsters a day and, indeed, more lobsters than either A or B. This 
is because C has enough additional steak to compensate Smith for being forced 
to eat more lobster than he prefers. 

A convenient trick to help remember the slope and shape of indifference 

» curves is to imagine being able to walk around the commodity space and to locate 
oneself in the worst spot. From that vantage point, the indifference curves should 
look like a solid wall the center of which bends toward the eye. Thus, if both X 
and Y are goods, the worst location is at zero and looking out at them reveals a 
solid wall whose center bends toward the eye if they are shaped as in 
Figure 2.3.2. Suppose X were a bad, like tedious work, and Y were a good, like 
income. Then the worst spot is at À in Figure 2.3.5 and indifference curves form 
a curving wall with respect to that spot. 

Indifference curves also may have the shape indicated in Figure 2.3.6. The 
right-angle indifference curves tell us that the consumer prefers to use 
commodities X and Y in strict proportion (like right- and left-hand gloves), For 
example, the consumer is indifferent between the bundle (Xo, Yo) and the bundle 
(Xo, Y;) even though Y; > Yo. This is because the consumer finds no use for the 
additional Y without an increase in X. The slope of the ray that connects the 
origin with the point of right angle is the proportion at which Y must be consumed 
relative to X. For example, if X were bicycle frames and Y were wheels, the slope 
of that ray would be 2. For many applications the standard assumptions described 
in subsection 2.3.a are the most plausible and useful. The examples of this 
section illustrate how indifference curves can be used to represent nonstandard 
assumptions that may be of interest in some circumstances. Further examples can 
be found in the problems at the end of this chapter. 
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An essential feature of the subjective theory of value is that different combina- 
tions of commodities can yield the same level of utility.” This means that one 
commodity can sometimes be substituted for another in an amount such that the 
consumer remains as well off as before. In other words, substitutions of one 
commodity for another can be made in such a way that the consumer remains on 
the same indifference curve. It is of considerable interest to know the rate at 
which consumers are willing to substitute one commodity for another in their 
consumption patterns. 

Consider Figure 2.4.1. An indifference curve is given by the curve labeled /. 
The consumer is indifferent between bundle R, containing OX, units of X and OY, 
units of Y, and the bundle P containing OX, > OX, units of X and OY, < OY, 
units of Y. The consumer is willing to substitute X,X, units of X for Y,¥, units of 
Y. The rate at which he is willing to substitute X for Y, therefore, is 


QY; — OY, _ RS 
OX, = OX, SP 


This ratio measures the average number of units of Y the consumer is willing to 
forgo in order to obtain one additional unit of X (over the range of consumption 
pairs under consideration). Stated alternatively, the ratio measures the amount of 


*Some writers have questioned the existence of indifference loci on the grounds of the so-called 
psychological perception threshold. Notable among these is Professor Georgescu-Roegen. For refer- 
ences to some of his works, see the Advanced Readings at the end of Part 1. 
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Figure 2.4.1 The marginal rate of substitution” 
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Y that must be sacrificed per unit of X gained if the consumer is to remain at 
precisely the same level of satisfaction. 

The rate of substitution is given by the ratio stated above. But as the point R 
moves along / toward P, the ratio RS/SP approaches closer and closer to the 
slope of the tangent TT” at point P. In the limit, for very small movements in the 
neighborhood of P, the slope of / or of its tangent at P is called the marginal rate 
of substitution of X for Y. 


Marginal Rate of Substitution (MRS): The marginal rate of substitution of X 
for Y measures the number of units of Y that must be sacrificed per unit of X 
gained so as to maintain a constant level of satisfaction. The marginal rate of - 
substitution is the negative of the slope of an indifference curve at a point. It is 
defined only for movements along an indifference curve, never for movements 


among curves.® 


*Let the utility function be U(x, y). The change in utility arising from a small change in x (or y) 
is the marginal utility of x (or y). Hence the marginal utility of x is ðU/ðx and the marginal utility 
of y is ðU dy. As in footnote 3, an indifference curve is given by U(x, y) = c where c is a constant. 
Taking the total derivative, one obtains 

ðU aU 
—d + —dy = 0. 
Ox dy ci 


Solving for the slope of the indifference curve, dy/dx, given that U(x, y) = c, we find that ` 
au 
dy aS fe ox 
glee = MRS, toy aU 
ay 
The marginal rate of substitution of x for y is the ratio of the marginal utilities of x and y. 
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The convexity of indifference curves implies that the marginal rate of substi- 
tution of X for Y diminishes asX is substituted for Y along an indifference curve. 
This is illustrated in Figure 2.4.2. 

I is an indifference curve; and P, Q, and R are three bundles situated on this 
curve. The horizontal axis is measured so that OX, = X, X = X,X;. Consider 
first the movement from P to Q. If P is very close to Q, or the amount X, X; is 
very small, the marginal rate of substitution of X for Y at Q is 

OY, — OY, Yih 


OX, —-OX; XX." 
Similarly, for a movement from Q to R, the marginal rate of substitution at R is 


OY, — OY; _ hY, 
OX; = OX; Koka 


By construction, X, X2 = X,X;3; but very obviously, Y, Y) > Y2 Y3. Hence the 
marginal rate of substitution is less at R than at Q. This is also shown by the 
decreasing slopes of the tangents at P, Q, and R. 

Convexity of indifference curves is often intuitively justified on the grounds 
that, as more and more of commodity X is taken away, the subjective value of 
an increment of X increases. Thus, as the quantity of X in the commodity bundle 
decreases, larger and larger increments of Y must be added to compensate the 
consumer for the loss of a given quantity of \X. For example, if a consumer has 
1,000 gallons of water a week he may be quite happy to trade an ounce of water 
for a crust of bread. If he has only a pint of water a week he may be reluctant to 
trade an ounce of it for a whole bakery." _ 


I 


T 


SYNOPSIS 
2.5 


® The modern theory of consumer behavior assumes that individuals can 
compare commodity bundles and ordinally rank them according to how 
much satisfaction or utility they provide. This ranking is transitive: if 
bundle A is preferred (indifferent) to bundle B and if B is preferred 
(indifferent) to C, then A is preferred (indifferent) to C. 


@ Utility functions that reflect the consumer’s ordinal preferences can be 
constructed and are useful analytical and intuitive aids in economics. In 
the early development of the theory, utility and the associated utility 
functions were thought of as cardinally measurable and additive. These 
restrictions were eliminated (for the case ofiriskless choices) by the early 


"The reader should be cautioned that decreasing marginal utility is neither a necessary nor suf- 
ficient condition for convexity of indifference curves. However, if marginal utilities are decreasing 


and if an increment in X does not diminish the marginal utility of Y, then convexity of the indifference 
curve is assured. 
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part of the 20th century. Theoretical developments of the last 20 or 

30 years dealing with choice behavior in the presence*of risk have 
reintroduced a certain amount of cardinal measurability, but this is not a 
point of major concern in current research. 

Indifference curves are loci of points in the commodity space such that all 
the commodity bundles on a given indifference curve provide the same 
satisfaction or utility. Each point in the commodity space is on one and 
only one indifference curve. In the standard case (discussed in 

subsection 2.3.a) the indifference curves are negatively sloped and convex. 
Indifference curves contain all of the essential information about consumer 
preferences, and the theory of consumer demand can be developed directly 
in terms of the consumer's indifference map. This will be taken up in 
Chapter 3. 

The marginal rate of substitution measures the trade-off between two 
commodities along an indifference curve. In the standard case, the 
marginal rate of substitution of X for Y diminishes as X is substituted 

for Y. 


QUESTIONS AND EXERCISES 


There are three commodities, X, Y, and Z. The following table contains a list of 
commodity bundles composed of different combinations of these three goods. 
Determine the rank order of the bundles and list them on a separate sheet. (in this 
problem all of the commodities are MIBs as described in subsection 2.3.a, and 
there are no bundles among which the consumer is indifferent.) 
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Amount of 
Bundle x Y z 

A 86 88 77 
B 86 87 76 
C 100 90 80 
D 79 80 69 
E 85 87 76 
F. 79 79 68 
G 95 89 ` 79 
H 80 80 70 

I 79 79 69 
J 86 87 77 


2. Inthe following table, four commodity bundles, each consisting of two 
commodities (X and Y), are listed. Also listed arẹ six different utility functions, 
U, to Us. Which of these six utility functions, if any, are consistent with the 
assumptions about consumer preferences in the standard case discussed in 
subsection 2.3.a? When inconsistencies are found, indicate which assumption(s) 
is violated. (Hint: Plot the bundles on the X,Y commodity space.) 


Amount of Utility assigned by 
Bundle x Y U, U: U: U U; U, 
A 1 1 10 5 2 30 3 7 
B 2 3 30 10 2 60 6 7 
Cc 3 1 20 10 4 60 3 7 
D 1 4 30 10 4 30 3 7 


3. Explain the following statement: The distance between two indifference curves is 
immaterial; the only relevant issue is which is higher and which is lower. 

4. Assume that Jones thinks pollution is bad and automobiles are good. Draw a 
typical indifference curve in the pollution—automobile commodity space for Jones. 

5. Suppose there are two commodities, each of which causes a reduction in total 
utility beyond a certain rate of consumption (that is, marginal utility for each 
becomes negative beyond some point).'' What would be the shape of a typical 
indifference curve and how would the utility surface look? 

6. Two goods, X and Y, are said to be perfect substitutes if the marginal rate of 
substitution of X for Y is a constant that does not depend on the quantities of X 
and Y in the commodity bundle. Sketch a typical indifference map for two goods 
that are perfect substitutes. Can you think of any actual goods or services that are 
nearly perfect substitutes? 

7. Consider a community of three individuals: Jones, Smith, and Brown. Three 
community projects are being considered, labeled A, B, and C. The table 
indicates the rank preference of each of the individuals. 


"Marginal utility is defined in footnote 9. 
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Suppose community preferences are determined by a majority voting rule. Thus, 
in comparing project A and project B the community prefers A (Jones and Smith 
vote for A) to B (only Brown votes for B). Is this community.preference rule 
consistent with the assumptions of subsection 2.1.c?’? 


Additional mathematical skills are assumed in the following problems. 


8. Sketch an indifference curve for the utility function U(X, Y) = 3X'7Y"?. Does 
the utility function V(X, Y) = 6 + 8XY + X?Y? represent the same ordinal 
preferences as U(X, Y)? Does the utility function W(X, Y) = 3X'"Y~* represent 
the same ordinal preferences as either U(X, Y) or V(X, Y)? 


9. At each point along a given indifference curve in X,Y space, we can calculate the 
marginal rate of substitution 


where U(X, Y) is the utility function, Uy = U/dX, and Uy = 0U/dY, and we 
also can calculate the ratio Y/X. In this fashion we can define a function with 
Y/X as the dependent variable and MRS as the independent variable." In some 
situations we wish to know how Y/X changes as the MRS changes. The response 
of Y/X to changes in MRS along a given indifference curve is called the 
elasticity of substitution (o) between Y and X and is mathematically defined by 


© = % change MRS; w, a(MRS)/(MRS) AMRS) Y/X` 


Note also that dz/z = d log z, where “log” is the natural logarithm. Using this 
result, ¢ may also be written 


_ _d log(¥/X) 


O = Flog MRS, tor 3 


"The problem of community or social choice has received substantial attention. It is interesting 
to note that majority ordering may be inconsistent even if individuals’ preferences are consistent. 
For a particularly important contribution, see Kenneth J. Arrow, Social Choice and Individual 
Values (New York: John Wiley & Sons, 1951). 
“When the indifference curves are strictly convex and negatively sloped, each point on the 
` indifference’ curve has a unique slope (MRS) and a unique value for Y/X. In unusual cases, the 
indifference curve may have the same MRS at two or more distinct values of Y/X, and in these cases 
the relation between Y/X and MRS is not a “function” as commonly defined. 
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a. When U(X, Y) = AX°Y'~* with A > 0 and 0 < @ < 1, show that o = 1. 
b. When U(X, Y) = Afla X? + (1 — a)Y PT" with A > 0 and 0 < @ < 1, show 
that 


s a a 
MRS: =T \X 


c. For U(X, Y) in part (b), show that 


(Hint: Take the log of the expression for the marginal rate of substitution given in 
part (b), solve for log(Y/X) as a function of log MRS, and apply the logaiithmic form 
of the expression for a.) 


10. “I like both tea and biscuits, but prefer to avoid eating them together.” Draw an 
indifference map that illustrates this proposition. 
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CHAPTER 


3 Theory of Consumer Behavior 


The theory of consumer behavior can help us answer the questions regarding the 
efficacy of various taxes on cigarettes posed at the beginning of Chapter 2. It can 
also be applied to the problem of how a student should decide to allocate his study 
time to various courses to maximize his grade point average. Both of these 
applications will be explored in this chapter. Yn the ensuing chapters, more 
extensive (and more subtle) applications will be explored. ™ 
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APPLYING THE THEORY 


Tax Increases Persuade Britons to Kick Expensive Smoking Habit (II) 
(Refer to the article by the above title included at the beginning of Chapter 2.) 


Questions 


1. 


According to the article (second para- 
graph), the result of the two tax in- 
creases has been to reduce the quantity 
demanded of cigarettes by 10 percent. 
The current price is $2.50. Assuming 
the price of cigarettes before the recent 
tax increases was $2.00 per pack, is 
the price elasticity of demand for ciga- 
rettes elastic or inelastic over this price 
range? 


. Refer back to Diagram 2 in the Solu- 


tions to the “Applying the Theory” sec- 
tion. Show the effect of the higher 
price on the quantity demanded of (all) 
cigarettes. Given your answer to 
question | above, should the 
price—consumption curve be upward 
sloping or downward sloping in this 
diagram? Explain, i 


- Now consider a tax only on cigarettes 


with high tar and nicotine (not dis- 
cussed in the article) and refer back to 
Diagram 1 in the solutions. Show the 
effect of this tax on the equilibrium po- 
sition of smokers in this diagram. Is 
the slope of your price—consumption 
curve positive or negative? What does 
this indicate about the price elasticity 
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of demand for cigarettes high in tar and 
nicotine? Is this consistent with the de- 
terminants of the price elasticity of de- 
mand for a good? 


. If your goal is to reduce cancer by 


eliminating smoking, which of the two 
taxes above would you prefer? If your 
goal is to eliminate smoking of high 
nicotine and tar cigarettes, which tax 
do you prefer? Explain. 


Solutions 


1. 


INELASTIC. The percentage price 
change can be approximated by the 
change in price (50¢) divided by the 
average price over this price range 
($2.25). Thus, the price elasticity of 
demand over this price range = 10 per- 
cent/22 percent or .45. Since this is 
less than one, it is inelastic. 


` The price—consumption curve should 


be upward sloping if the price elasticity 
of demand is less than 1. That is, when 
the price of cigarettes increases, the 
quantity of “other goods” decreases, 
and thus, total expenditures on other 
goods decreases. For a given money 
income, this must mean that total ex- 


Se 


Other goods 


w 


Budget lines with 
tax on all cigarettes 


Cigarettes 


penditures on cigarettes rose with the 
price rise. This means that the per- 
centage change in price overwhelms 
the percentage decrease in quantity, 
and thus elasticity is less than one. 
Given the high substitutability, we get 
a large decrease in the amount of high- 
tar cigarettes consumed and a large rise 
in the amount of low-tar cigarettes 
smoked. The slope of the price con- 
sumption curve is now negative, which 
indicates that the price elasticity of 
demand is greater than one. The key 
determinant of the price elasticity of 
demand is the availability of substi- 
tutes, so the shape of the price- 
consumption curve is consistent with 


Low-tar cigarettes 


Budget lines with tax on 
high-tar only 
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what economic theory predicts here. 
To eliminate smoking, you will need to 
tax all cigarettes, and the amount of 
the tax will need to be much higher 
than currently in effect in Britain, de- 
spite the headline of the article in 
Chapter 2. Given the inelastic demand 
for cigarettes, this tax will mainly in- 
crease revenue rather than reduce the 
quantity demand of cigarettes. 

To eliminate high-tar smoking, it 
would be much easier to tax high-tar 
cigarettes. The size of the tax neces- 
sary here would be more modest, given 
the depiction of the preferences of 
smokers in this problem, i.e. the easy 
substitutability of low-tar cigarettes. 


SS L 
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3.1 


INTRODUCTION 


This chapter uses the concepts of utility and indifference curves from Chapter 2 
to explain the modern theory of consumer behavior. The fundamental work in the 
development of this theory was done by Slutsky (1915), Hicks and Allen (1934), 
Hotelling (1935), and Hicks (1939). 

As Chapter | revealed, it is sufficient for many purposes to employ only the 
tools of supply and demand. There are some questions, however, that are difficult 
to answer without a somewhat more refined apparatus. For example, the effects 
of changes in a consumer's income on demand for a product are best understood 
through utility theory. Similarly, the effects of offering quantity discounts on 
consumption patterns are most readily seen on an indifference curve diagram. 
These tools do not replace demand curves, but underlie them. In fact, one section 
of this chapter is devoted to deriving demand curves from these more funda- 
mental units. 

In later chapters, the analogous constructs of production functions and iso- 
quants are used to derive supply curves. 


oe ever of Satisfaction 
1a 


The theory of consumer behavior and demand is based on the assumption that 
consumers attempt to allocate limited money income among available goods and 
services so as to maximize satisfaction. The consumer makes purchases to maxi- 
mize satisfaction subject to the constraint that these purchases do not exceed the 
consumer's limited money income. Given this assumption and the properties of 
indifference curves (developed in Chapter 2), individual demand curves can 
easily be determined. The usefulness of the theory lies in the fact that it helps us 
to understand how consumer demand responds to changes in prices and income, 
Although maximization may not always be attainable because of limited informa- 
tion, the theory gives a good approximation of the average consumer’s behavior 
and is an important predictive device. 


Limited Money Income 
3.1.b 


If each consumer had unlimited money income —in other words, if there were 
an unlimited pool of resources— there would be no problems of “economizing,” 
nor would there be “economics.” This utopian state does not exist, even for the 
richest members of our society. ' People are compelled to determine their behavior 
in light of limited financial resources. For the theory of consumer behavior, this 


"As Bunker Hunt remarked during testimony before the U.S. Congress, “a billion dollars isn't 
what it used to be.” 
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means that each consumer has a maximum amount that can be spent per period 

| of time. The consumer’s problem is to spend this amount in the way that yields 
maximum satisfaction. $ 

| Begin by assuming that there are only two goods, X and Y, bought in quan- ~ 
tities x and y. Each consumer is confronted with market-determined prices p, and 
Py of X anc Y, respectively. Finally, the consumer in question has a known and 
fixed money income (/) for the period under consideration. Thus the maximum 
amount he or she can spend per period is /, and this amount can be spent only 

upon goods X and Y.? Thus the amount spent on X (xp,) plus the amount spent 
on Y (ypy) must not exceed the stipulated money income /. Algebraically, 


I = xp, Fp. Ps (3.1.1) 


Expression (3.1.1) is an inequality that can be graphed in commodity space 
since it involves only the two variables, x and y. First consider the equality form 
* of this expression: 


I = xp, + ypy. (3.1.2) 
This is the equation of a straight line. Solving for y — since y is plotted on the 
vertical axis — one obtains 


Shee (3.1.3) 
y Py 
Equation (3.1.3) is plotted in Figure 3.1.1. The first term on the right-hand 
` side of equation (3.1.3), (1/p,)/, shows the amount of Y that can be purchased 
if X is not bought at all. This is represented by the distance OA in Figure 3.1.1; 
thus (1/p,)/ is the ordinate intercept of the equation. 
The second coefficient on the right-hand side of equation (3.1.3), that is, 
—(p,/py) is the slope of the line. The slope of the line is the negative of the price 
ratio. The line in Figure 3.1.1 is called the budget line. 


Budget Line: The budget line is the set of commodity bundles that can be 
purchased if the entire money income is spent. Its slope is the negative of the 
price ratio.® 


ĉin more elaborate cases, saving may be considered as one of the many goods and services 
available to the consumer. Graphical treatment limits us to two dimensions; thus we ignore saving. 
This does nor mean that the theory of consumer behavior precludes saving —depending upon his 
or her preference ordering, a consumer may save much, little, or nothing. Similarly, spending may 
in fact exceed income in any given period as a result of borrowing or from consuming assets acquired 
in the past. The I in question for any period is the total amount of money to be spent during the 
period. For a more sophisticated treatment of this problem, see Ralph W. Pfouts, “Hours of Work, 
Savings and the Utility Function,” in Essays in Economics and Econometrics in Honor of Harold 
Hotelling, ed. Pfouts (Chapel Hill: University of North Carolina Press, 1960), pp. 113-32. 


‘The prices p, and p, are the prices of X and Y in terms of money. They are commonly referred 
to as the nominal prices or the money prices of the goods. The price ratio p,/p, is the relative price 
of X in terms of Y — it tells how many units of Y must be given up to get one unit of X. Similarly, 
the ratio p,/p, is the relative price of Y. 
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Figure 3.1.1 The budget line 
y 
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Quantity of Y 
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The budget line is interpreted as the trade-off of Y for X that is imposed by 
having finite resources at given market prices. As already stated, consumption of 
no X allows consumption of OA of Y. Similarly, consumption of no Y permits 
consumption of OB of X. The consumer can trade OA of Y for OB of X. At point 
C, he or she has OE of Y and OG of X. Suppose that the vertical distance 
between E and F were 1 unit. (We can always select C and D to make this so.) 


- By giving up one unit of Y, the consumer can move from C to D and acquire GH 


units of X. This implies that GH of X costs one unit of Y or its price in terms 
of Y is 1. But if 1 unit of Y is relinquished,’ this releases (l)p, of income to be 
spent on X and (p,/p,) of X can be purchased with that income. Thus, Y trades 
for X at p,/p, so X trades for Y at p, /p, and that is the interpretation of (minus) 
the slope of the budget line. The budget line is sometimes called the budget 
constraint. 

The budget line is the graphical counterpart of equation (3.1.3), but it is not 
the graph of the inequality in expression (3.1.1). The latter includes the budget 
line, but it also includes all commodity bundles whose total cost is not as great 
as I. Inequality (3.1.1) is shown graphically in Figure 3.1.2 by the triangular 
shaded areas —it is the entire area enclosed by the budget line and the two axes. 
This area is called the budget space.* 


— 


“Mathematically, the budget space is defined by the following three inequalities: 
1 = xp, + yp,, K 
x20, 
y=0. 
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Figure 3.1.2 Budget space ` 
y 


Quantity of Y 


o Quantity of X 


Budget Space: The budget space is the set of all commodity bundles that 
can be purchased by spending all or part of a given money income. It is'a 
subset of the commodity space. 


Shifting the Budget Line 
3.1.¢ 


In much of the analysis that follows, we are interested in comparative static 
changes in quantities purchased resulting from changes in price or money in- 
come. The latter changes are graphically represented by shifts in the budget line. 

Consider an increase in money income from / to /* > I, money prices 
remaining unchanged. The consumer can now purchase more — more of Y, more 
of X, or more of both. The maximum purchase of Y increases from (1/p,)/ to 
(1/p,)[*, or from OA to OA' in Figure 3.1.3. Similarly, the maximum perchase 
of X increases from (1/p,)/ to (1/p,)/*, or from OB to OB’. Since prices remain 
constant, the s/ope of the budget line does not change. Thus an increase in money 
income, prices remaining constant, is shown graphically by shifting the budget 
line upward and to the right. Since the slope does not change, the movement 
might be called a “parallel” shift. A decrease in money income is shown by a 
parallel shift of the budget line in the direction of the origin. 

Figure 3.1.4 shows what happens to the budget line when the money price of 
X increases, the money price of Y and money income remaining constant. Let the 
price of X increase from p, to p *. Since p, and J are unchanged, the ordinate 
intercept does not change—it is OA in each case. But the slope of the line, the 
negative of the price ratio, changes from —p,/p, to —p;*/p,. Since p¥ > ps, 
—p*/p, < —p./p,. In other words, the slope of the budget line becomes steeper. 

The price change can be explained as follows. At the original price p,, the 
inaximum purchase of X is (1/p,)/, or the distance OB. When the price changes 
to p*, the maximum purchase of X is (1/p*)/, or the distance OB’. Thus an 
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Figure 3.1.3 Budget lines when money income Figure 3.1.4 Budget lines when price of X increases, 


increases, prices remaining unchanged price of Y and money income remaining unchanged 
y : y 
A’ 
A 
> > 
5 5 
DA 2 
= i= 
3 E 
o oc 
x x 
(0) B B' o B' B 
Quantity of X Quantity of X 


increase in the price of X is shown by rotating the budget line clockwise around 
the ordinate intercept. A decrease in the price of X is represented by a counter- 
clockwise movement. 


There is nothing that requires that Y be treated differently from X, The price. 


of X might remain constant, but that of Y might rise or fall. A rise in the price 
of Y from p, to p;* rotates the budget line counterclockwise around the X-axis 
intercept. This is shown in Figure 3.1.5 as the movement from AB to A'B. That 
point A’, the Y-axis intercept, lies below A is easily seen. Since the budget line 
intersects the Y axis at Z/P, and I/P;*, respectively, and since P* > P,, the 
vertical intercept is lower in the second case. But the horizontal intercept is 
independent of P,. To find it, merely set y = 0 and solve for the X on the budget 
line that corresponds to y = 0. This requires 


0=1/P, — (P,/P,)x 
or 
I/P; = x. 


Thus, the X-axis intercept is independent of the price of Y. 

It is important to emphasize that relative prices are crucial, If money income 
remains constant and the nominal prices of both commodities change propor- 
tionately, there is no change in relative price; the change in this case is tantamount 
to an increase in income (if prices decline) or a decrease in income (if prices rise). 
Similarly, let money income and the nominal price of Y remain constant. An 
increase in the nominal price of X is equivalent to a decrease in the relative price 
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Figure 3.1.5 Price change 
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of Y, and vice versa. As we shall see, given money income, only relative prices 
are relevant to a consumer’s decision-making process, Hence the connections 
among nominal money income, nominal prices, and relative prices deserve care- 
ful attention. 


Relations: (i) An increase in money income, prices unchanged, is shown by 
a parallel shift of the budget line-- outward and to the right for an increase in 
money income, and in the direction of the origin for a decrease in money 
income. (i) A change in the price of X, the price of Y and money income 
constant, is shown by rotating the budget line around the ordinate 
intercept—to the left for a price increase, and to the right for a decrease in 
price. (jii) A change in the price of Y, the price of X and money income 
constant, is shown by rotating the budget line around the X-axis intercept— up 
for a price decrease and down for a price increase. 


CONSUMER EQUILIBRIUM 


The consumer's inditference map establishes a rank ordering of all bundles in the 
commodity space. The budget space is established by relative prices and the 
consumer’s fixed money income. The assumption that each consumer attempts to 
maximize satisfaction from a given money income simply means that the con- 
sumer selects the most preferred bundle of goods from those available in the 
budget space. 
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The consumer’s problem is depicted in Figure 3.2.1. The entire X,Y plane is 
commodity space; the indifference map, represented by the five indifference 
curves drawn in that figure, indicates the consumer’s preferences among all 
commodity bundles in this space. (There are, of course, an infinite number of 
indifference curves, but we merely depict five.) The consumer’s budget 
space—the line LM and the shaded area enclosed by LM and the two axes — 
shows the bundles that the consumer can feasibly buy. Clearly, the consumer 
cannot purchase any bundles lying above and to the right of the budget line LM. 
The consumer would prefer such a bundle but does not have enough income to 
pay for it. 

The choice is limited to those bundles lying in the budget space. We can 
eliminate most of these. In particular, no point in the interior of the budget 
space — below the budget line LM — can yield maximum satisfaction because a 
higher indiffererice curve can be reached by moving to the budget line. Hence, 
given the income constraint, the optimal bundle will be on the budget line. 


Maximizing Satisfaction Subject to a Limited Money Income 


The way in which a consumer maximizes satisfaction subject to a limited money 
income is illustrated in Figure 3.2.2, The budget line is LM, and the curves 
labeled I, II, Ill, and IV are a portion of an individual’s indifference map. 
Because of the income constraint, the consumer cannot attain a position on any 
indifference curve, such as IV, that lies entirely beyond the budget line. 


Budget space and the indifference map Figure 3.2.2 Consumer equilibrium 
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Three of the infinite number of attainable bundles on LM are represented by 
the points Q, P, and R. Each of these, and every other point on the budget line 
LM, is attainable with the consumer’s limited money income, 

Suppose the consumer, say Smith, were located at Q. Let Smith experi- 
mentally move to bundles just to the left and right of Q. Moving to the left from 
Q lowers Smith’s satisfaction to some indifference curve below I. But moving to 
the right brings Smith to a higher indifference curve; and continued experi- 
mentation will lead Smith to move at least as far as P, because each successive 
movement to the right brings the consumer to a higher indifference curve. 

By moving to the right of P, Smith would move to a lower indifference - 
curve with its lower level of satisfaction. Smith would accordingly return to the 
point P. 

Similarly, if a consumer were situated at a point such as R, experimentation 
would lead to a substitution of Y for X, thereby moving in the direction of P, The 
Consumer would not stop short of P because each successive substitution of Y for 
X brings the consumer to a higher indifference curve. Hence the position of 
maximum satisfaction — or the point of consumer equilibrium — is attained at P, 
where an indifference curve is just tangent to the budget line. 

As you will recall, the slope of the budget line is the negative of the price ratio, 
the ratio of the price of X to the price of Y. Also recall that the negative of the 
slope of an indifference curve at any point is called the marginal rate of substi- 
tution. Hence the point of consumer equilibrium satisfies the condition that the 
Marginal rate of substitution equals the price ratio, , 

The interpretation of this proposition is straightforward, The marginal rate of 
Substitution is the rate at which the consumer is willing to substitute X for Y. The 
Price ratio shows the rate at which the consumer can Substitute X for Y. Unless 
these two are equal, it is possible to change the combination of X and Y purchased 
so as to attain a higher level of satisfaction, For example, suppose the marginal 
rate of substitution is two — meaning the consumer is willing to give up two units 
of Y in order to obtain one unit of X. Let the price ratio be unity, meaning one 
unit of Y can be exchanged for one unit of X, Then, by giving up one unit of Y 
the consumer can get one more unit of X, Since the consumer was willing to give 
Up as many as two units of Y for one unit more of X, this exchange increases the 
consumer's utility. Generalizing, unless the marginal rate of substitution and the 
price ratio are equal, some exchange can be made so as to push the consumer to 
a higher level of satisfaction. 


Principle: The point of consumer equilibrium— or the maximization of satis- 
faction subject to a limited money income —satisties the condition that the 
marginal rate of substitution of X for Y equals the ratio of the price of X to the 
price of Y.* 


‘Mathematically, the point of consumer equilibrium is the solution to the constrained max- 
imization problem: 


max U(x,¥) 
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We saw in footnote 9 of Chapter 2 that MU,/MU,, i.e., (0U /dx)/(aU /ay), 
is the marginal rate of substitution of X for Y where MU, and MU, are the 
marginal utilities of X and Y, respectively. Thus, the pomi of consumer equi- 
librium can be expressed algebraically by the condition,‘ 


MU, _ Px 
MRS.) = et = 3 
y Y 
or, equivalently, 
MU, _ MU 


Paes Py 


If there are several goods, the above reasoning applies to every pair of them; the 
equilibrium condition may then be expressed as 


MD es aide ae MO 6.2.1) 
Px Py P: 
CHANGES IN MONEY INCOME 


Changes in money income, prices remaining constant, usually result in changes 
in the quantities of commodities bought. For most goods, an increase in money 
income leads to an increase in consumption, and a decrease in money income 


subject to: 
: pax + py =t 
where U(x,y) is the consumer’s utility function. The Lagrangian for this problem is 
L(x, y;A) = U(x,y) + AW — p.x — pyy) where A is the Lagrangian multiplier. The first-order 
conditions are 
aU/ax = Ay, 
and 
aU/ay = Ap,. 
Eliminating X from these last two equations, we get the equilibrium condition 


(dU/ax)/(6U/ay) = p./p,. The left side is the MRS, jo y as noted in footnote 9 of Chapter 2, and the 
right side is the negative of the slope of the budget line. 


“In some problems, the indifference curves of Figure 3.2.2 may intersect the vertical or horizontal 
axis (or Soth). Assuming negative quantities of X and Y are inadmissible, this may result in a situation 
known as a “corner solution” for which the consumer equilibrium theory presented here would not 
apply. We will not be greatly concerned with this possibility i in this book; however, problem 5 of this 
chapter involves a case where comer solutions arise. 
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NUMERICAL EXERCISE 


A certain college student who is cramming for final exams has only ` 
six hours study time remaining. Her goal is to get as high an average 
grade as possible in three subjects: economics, mathematics, and sta- 
tistics. She must decide how to allocate her time among the subjects. 
According to the best estimates she can make, her grade in each sub- _ 
ject will depend upon the time allocated to it according to the follow- 


ing schedule: 

Economics Mathematics Statistics 

Hours of study Grade Hours of study Grade Hours of study Grade 

0 20 0 40 0 80 

1 45 1 52 1 90 

2 65 2 62 2 95 

3 75 3 71 3 97 

4 83 4 78 4 98 

5 90 5 83 5 99 

6 92 6 86 6 9 
ee a SS Se eR 
Questions 


1. How should the student allocate her time? Why? : 

2. How does the solution relate to the equilibrium condition for 
the consumer (equation 3.2.1)? 

3. Will a consumer generally purchase bundles of goods such 
that the MU is the same for all goods? 


Solutions 


1. To maximize her average grade, this student must calculate 
the addition to her grade from an extra hour of study in each 
course. Call this the marginal grade in the schedule* below: 
The principles in this chapter should lead you to recognize 
that if these marginal grades are not equal, then this student 
should reallocate her study hours toward the course that has 
a higher marginal grade. Such a move will increase her 
average grade. Thus, from two hours per course, this stu- 
dent should increase her study time in economics, since the 
third hour in economics has a marginal grade of 10 while 
her second hour in statistics has a marginal grade of 5. This 
move will increase her total grade by 5. At this allocation, 
the marginal grade in each course is the same (= 10), so 

(continued on page 70) 


Chapter 3 Theory of Consumer Behavior 


NUMERICAL EXERCISE 


(continued from page 69) 
Economics Maih Statistics 
Marginal Marginal Marginal 
Hours grade Hours grade Hours grade 
0 — 0 = 0 = 
1 25 1 12 A 10 
(45 — 20) 
20 2 10 2 5 
(65 — 45) 
3 10 3 9 3 2 
4 8 4 7 4 1 
5 7 5 6 5 1 
6 2 6 3 6 0 


*This schedule is analogous to the marginal utility schedule. 


this must be the maximum allocation. Thus, the final allo- 
cation should be three hours to economics, two hours to 
math, and one hour to statistics . . . for a total grade of 

(75 + 62 + 90) = 227 (or an average grade of 75.66). Any 
move away from this allocation will lower her average since 
the gain in grade by adding an additional hour to any course 
is less than the 10 points lower grade she must give up. 

2.. This solution relates to the equation 3.2.1 in that you can 
think of the “prices” of the three courses (goods) as equal. 
In such a situation, you would maximize utility by con- 
suming amounts of the goods such that the MU (= marginal 
grades) were equal. (If they weren’t, you could gain by buy- 
ing the good with a higher MU and giving up a smaller MU 
from the unit of another good given up to purchase it.) 

3. In general, no. The only time a consumer will be in equi- 
librium with the MU the same for all goods is when the 
prices of the goods are the same. What matters in 
equation 3.2.1 is the MU per dollar of the good (or the 
MU/P). 
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leads to a decrease in consumption.” It is of considerable interest to analyze the 
effects on consumption of changes in income. To isolate the effects of income 
changes, we will hold nominal prices constant. 


The Income-Consumption Curve 


As explained in subsection 3.1.c, an increase in money income shifts the budget 
line upward and to the right, and the movement is a parallel shift because nominal 
prices are assumed to be constant. In Figure 3.3.1, the price ratio is given by the 
slope of LM, the original budget line, and remains constant throughout, 

With money income represented by LM, the consumer comes to equilibrium 
at point P on indifference curve I, consuming Ox, units of X. Now let money 
income rise to the level represented by L'M’. The consumer shifts to a new 
equilibrium at point Q on indifference curve II. The consumer has clear] y gained. 
The consumer also gains when money income shifts to the level corresponding 
to L"M". The new equilibrium is at point R on indifference curve UI. 

As income shifts, the point of consumer equilibrium shifts as well. The line 
connecting the successive equilibria is called the income-consumption curve, 
This curve shows the equilibrium combinations of X and Y purchased at various 
levels of money income, nominal prices remaining constant throughout. 


Income-Consumption Curve: The income—consumption curve is a locus of 
points in the commodity space showing the equilibrium commodity bundles as- 
sociated with different levels of money income for constant money prices. 


The income—consumption curve in Figure 3.3.1 is rather flat at first and then 
becomes steep, i.e., itis a convex function. In this situation (although not always) 
this implies that the ratio of Y to X first falls as income increases, then rises. 
Diagrammatically, this means y3/x; > y,/x; > yz/x. The ratio yi/% is given by 
the slope of the line that connects the origin with P(i.e., slope is 
(yı — 0)/@ı — 0)). ‘Similarly, y,/x, is the slope of the line that connects the 
origin with Q, and y;/x; and R are analogously related. Line OR is steeper than 
OP which is steeper than OQ . It is also true that if y/x is increasing with income, 
the Y’s share of total expenditure, defined as p, y/INCOME, is also increasing 
with income.® 


’Goods for which changes in consumption are positively related to changes in income are said to 
be “normal” or “superior.” “Inferior” goods are treated in Chapter 4. A forma! definition of “normal,” 
“superior,” and “inferior” goods is given in subsection 3.3.d. 


‘If 
acè 
D 
then, since prices are positive, 
P:Xi PX (continued on page 72) 
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Figure 3.3.1 The income—consumption curve 
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Pei + Py¥s Pats + Prd 
Pyys Pry» 


The numerator of the left-hand side is income in situation } (/;), and the numerator of the right-hand 
side is income in situation 3 (/;). Thus, 


bb 
PyYi Py Ys 
or 
Prt B), 
h Iy 


In this two-good case, it also implies that X's share is decreasing in income. Using the definition of 
1, and /;, it follows that 
Pex + PY _ tn PiX% + PyYs 
h l; 


Ps) _ PX _ Pys _ Py 


h h h h 
Since p,ys/Is > p,ys/h, the right-hand side is positive, which implies that p,x,/I) > p.xs/Is. 
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There is no requirement that income-consumption curves have such a shape 
or even be positively sloped. Two other possibilities are shown in Figures 3.3.2a 
and 3.3.2b. In the second figure, not only does the proportion y/x fall with 
income, but the absolute amount of Y falls as well. The actual shapes of 
income-consumption curves depend on the individual's preferences. 


Engel Curves 


The income-consumption curve may be used to derive Engel curves for each 
commodity. 


Engel Curve: An Engel curve is a function relating the equilibrium quantity 
purchased of a commodity to the level of money income. The name is taken 
from Christian Lorenz Ernst Engel, a 19th-century German statistician. 


Engel curves are important for applied studies of economic welfare and for the 
analysis of family expenditure patterns. 

The Engel curve that corresponds to the income~consumption curve of Figure 
3.3.1 is shown in Figure 3.3.3, Panel A. There X and I (Income) are on the axes 

k rather than X and Y as in Figure 3.3.1. That is because Figure 3.3.1 is a 
commodity space. Panel A shows what level of X is purchased for any income, 
p, and p, held constant at their initial levels. 

At point P in Figure 3.3.1, x, of X was consumed and income was /, (given 
by py * OL or, equivalently, by p, ' OM). Thus, P in Figure 3.3.3, Panel A, 
corresponds to P in Figure 3.3.1. Similarly, at R in Figure 3.3.1 income was h 
(equal to p, * OL" or p, * OM") and x; of X was consumed. Thus, R in Panel A 
corresponds to R in Figure 3.3.1. The change from x, to x; is the change in 
consumption of X that results when income rises from /, to Z. The Engel curve 
is formed by connecting the points generated by repeating the process for all 
possible levels of money income. ; 

Two basically different types of Engel curves are shown in Panels A and B, 
Figure 3.3.3. In Panel A, the Engel curve slopes upward rather gently, implying 
that changes in money income do not have a large effect upon consumption. An 
Engel curve with this property indicates that the quantity purchased does not 
expand rapidly as income increases. If “food” is treated as a single commodity, 
its Engel curve would look something like the curve in Panel A, even though the 
curve for “steak” as a separate commodity probably would not. 

On the other hand, steak and many other types-of goods give rise to Engel 
curves more nearly represented by the curve in Panel B. The relatively steep 
upward slope indicates that the quantity bought changes markedly with income.” 


The reader may associate “necessities” and “luxuries” with commodities whose Engel curves ` 
look like those in Panels A and B, respectively. One shouldbe wamed, however, that stich assòcia- 
tions are very rough and highly sensitive to the particular definitions of the commodities in question, 
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Figure 3.3.3 Engel curves i 
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Recall that the demand curve describes what happens to x, the amount of X 
purchased, as the price of X changes, income and other prices constant. The 
Engel curve describes how x changes as income changes, the price of X and all 


other prices constant. The relation of the Engel curve to demand is shown in 
Figures 3.3.4a and 3.3.4b, 


Part One Demand, Supply, and Markets: An Introductory Look 


Figure 3.3.4a Demand curves Figure 3.3.4b Engel curves 
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Figure 3.3.4a shows two demand curves corresponding to income levels Zo and 
1. If the price of X were p, then an increase in income from /y to /; moves the 
individual from P to Q and consumption of X rises from x’ to x". This is also 
shown in Figure 3.3.4b as a move from P’ to Q’, where income rises from Jy to 
1, and X rises from x' to x". Note that p, is held constant at p,,. There is another 
Engel curve for every price of X because the quantity of X purchased depends 
on price as well.” 

a 


Engel Curves and the Income Elasticity of Demand 
The income elasticity of demand, which is discussed more thoroughly in Chap- 
ter 5, is defined as follows. 


Income Elasticity of Demand: The income elasticity of demand is the pro- 
portional change in the consumption of a commodity divided by the propor- 
tional change in income. To obtain a more formal definition, let A/ be the 


"Algebraically, the demand for X can be written as 


XSS (pri ls Prr: Pa) 
where y,..., z are the other goods in the economy. The traditional dernand curve is the relation of 
X top, ie, 
x=f(pa Ts Bye Bd 
where the bar implies that the value is fixed at some arbitrary level. 
The Engel curve is the relation of X to I, i.e., 


x=f(Pui i Po- Bd 
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change in income and let Ax be the corresponding change in the con- 
sumption of good X. The proportional change in income is then A//I and the 
Proportional change in the consumption of X is then Ax/x. Using this notation, 
the income elasticity of demand is given by the expression 


(axa fait = 2.1 


For small changes in A/ (and hence Ax) the ratio Ax/A/ is the slope (or de- 
rivative) of the Engel curve. The income elasticity (7,) at a point on the Engel 
curve is given by the expression 


g 
ESITE, 
Example: Suppose the Engel curve is given by the expressior 
X=, 


The Slope of this Engel curve at income / is given by 


Thus income elasticity of demand is 
dx | We 
Ree = ai( 4) = 2, 


In the example, income elasticity turned out to be a constant, independent of 
income. This is not true in general and we usually expect to see the income 
elasticity vary over the Engel curve. Income elasticities are used to classify goods 
as superior goods, normal goods, or inferior goods. The classification scheme is 
given in the following table: 


i 
Value of income Classification 
elasticity of good 
EE 

m>1 Superior 
Ossi Normal 
m<0 Inferior 
a ES Se 


As this table indicates, income elasticity can be negative; that is, an increase 
in income can in some cases lead to a reduction in the quantity consumed of the 
good. Notice that the words “inferior,” “normal,” and “superior” are used here 
only to describe the income elasticity of a good, no more and no less. Recall that 
it is possible that a given good will be inferior for one customer and normal or 


Part One Demand, Supply, and Markets; An Introductory Look 


superior for some other customer. Also, for a given customer, a good may have 
nı > 0 (superior or normal) for some values of income and 7, < 0 (inferior) for 
other values of income. i 

If the income elasticity of a commodity is greater than 1, then a consumer will 
increase the fraction of his or her income on that good when money income 
increases (prices remaining unchanged). Suppose at income / the individual 
consumes x and suppose that his or her consumption changes by dx when 1 
increases by d/. Before the i income change the fraction of income spent on x is 
p.x/I and after income changes this fraction is p,(x + dx)/(/ + dl). The ratio 
of these fractions is - 


+ 

p(x + dx) 14% 
x 
Ow 


KETENG l )-—- 
+ 
Pix . x I+di La 


I J dl 


and this last expression is greater than 1 if , = (dx/d/) (I/x) is greater than 1. 
By the same reasoning the fraction of income spent on a good remains constant 
as income rises if income elasticity is unity, and the fraction decreases if income 
elasticity is less than unity. 


Engel Curves in Economics 

3.3.e 

Now that the technical aspects of Engel curves have been described, it is useful 
to explain their role in economics. There are two major uses. 

First, two individuals, say Smith and Jones, may be identical in virtually every 
relevant aspect except Smith’s income may be $20,000 per year and Jones’s 
$30,000. It is sometimes valuable to be able to predict Smith’s purchases from 
other’s behavior. Suppose, for instance, that a firm is trying to determine whether 
to market its good in Smith’s neighborhood. Because of the fixed cost of setting 
up the operation, the firm might believe it not worthwhile unless the quantity of 
sales per consumer of Smith’s type exceeds 22 per year. Jones consumes 25, and 
the Engel curve (say, previously estimated) is given by è 


x = 10 + 7/2,000. 
Smith is expected to consume 
10 + 20,000/2,000 
= 20 
so the estimated consumption is too low to warrant expansion into Smith’s 


neighborhood. 
Second, a firm may want to predict trends in demand for the product over time. 
If it holds its price constant, and average income rises from $30,000/year 


x 
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to $40,000/year, over a five-year period, how large an increase in average 
quantity soid can it expect?" 
Using the same Engel curve, average quantity sold would rise from 


x = 10 + 30,000/2,000 
= 25 x 


. x = 10 + 40,000/2,000 R 
=30. 


FANGES IN PRICE 


The reaction of quantity purchased to changes in price is often even more im- 
portant than the reaction to changes in money income. In this section we assume 
that money income and the nominal price of Y remain constant while the nom- 
inal price of X falls. We are thus able to analyze the effect of price upon quan- 
tity purchased without simultaneously considering the effect of changes in 
money income. 


The Price-Consumption Curve 


In Figure 3.4.1 the price of X falls from the amount indicated by the slope of the 
original budget line LM to the amount indicated by the slope of LM” and then to 
the amount represented by the slope of LM”. 

With the original budget line LM, the consumer teaches equilibrium at point 
P on indifference curve I. When the price of X falls, the budget line becomes 
LM" and the new equilibrium is attained at Q on indifference curve II. Finally, 
when the price falls again, the new equilibrium is point R on indifference curve 
II and budget line LM”. The line connecting these successive equilibrium points 
is called the price~consumption curve. 


Price~Consumption Curve: The price-consumption curve is a locus of points 
in the commodity space showing the equilibrium commodity bundles resulting 
from variations in the Price ratio, money income remaining constant. 


The Demand Curve 


The individual consumer's demand curve for a commodity can be derived from 
the price—consumption curve, just as an Engel curve is derivable from an 
Income—consumption curve. 


pal Fhe 
"To be completely accurate, we must also assume that the prices of other goods do not change 
Over the five-year period. 
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Figure 3.4.1 The price-consumption curve (top) 


Figure 3.4.2 Price-consumption to demand (bottom) 
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Demand Curve: The demand curve for a specific commodity relates equi- 
librium quantities bought to the market price of the commodity, nominal money 
income and the nominal prices of other commodities held constant. 


When the price of X is given by the slope of LM in Figure 3.4.1, Ox, units 
of X are purchased. This price-consumption pair constitutes one point on the 
graph in Figure 3.4.2, Similarly, when the price of X falls to the level indi- 
cated by the slope of LM’, quantity purchased increases to Oxz. This price- 
consumption pair is another point that can be plotted on Figure 3.4.2. Plotting all 
points so obtained and connecting them with a line generates the consumer 
demand curve, as shown in Figure 3.4.2. Its shape indicates an important prin- 
ciple, called the Law of Demand. 
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Principle: Quantity demanded varies inversely with price, nominal money in- 
come and nominal prices of other commodities remaining constant. This law 
(and one minor exception) will be established in the next chapter. 


Note that Figure 3.4.2 has price on the vertical axis, whereas Figure 3.4.1 has 
Y on the vertical axis. Figure 3.4.1 is a commodity space so price depends on the 
slope of the budget line. Figure 3.4.2 shows the functional relation of X to P: and 
Price is read directly as the ordinate. 


The Elasticity of Demand 
3.4.c 


The elasticity of demand is an important concept. 


Price Elasticity of Demand: Price elasticity of demand or elasticity of de- 
mand is the proportional change in the consumption of a good divided by the 


At this point it is helpful to review the relation between price elasticity of 
demand and changes in the tota! expenditure upon the good in question. First, 


Next, recall that the total expenditure upon a good is the product of price per 
unit and the number of units purchased. Given an initial price and quaniity 
bought, a unique initial total expenditure is determined. Now let price fall by 
1 percent. If demand is Price elastic, quantity demanded expands by more than 
L percent. Thus total expenditure must expand when price falls and demand is 
Price elastic. By the same argument, one finds (a) that total expenditure remains 
constant when price falls and demand has unitary price elasticity, and (b) that total 


expenditure declines when price falls and demand is price inelastic, 


Exercise: Suppose the price of X increases rather than falls as in the above 
explanation. By an analogous argument, show that if total expenditure falls, 
then demand is Price elastic; if total expenditure is unchanged, then demand 
has unitary elasticity; and if total expenditure rises, then demand is price in- 
elastic. 


Chapter 5 takes up the relationship of price elasticity and the demand curve in 


greater detail. In the next subsection we examine the relationship of demand 
elasticity and the Price—consumption curve, | 
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Elasticity of Demand and the Price—Consumption Curve 


The elasticity of demand can be determined directly from the slope of the 
price—consumption curve. Consider Panel A, Figure 3.4.3. Let Y represent “all 
other goods,” or what is frequently called “Hicks-Marshall” money. -This is 
plotted on the vertical axis and labeled “money,” whose price is unity. Thus 
money income is fixed at OM, and its price is fixed at 1. The original budget line 
is MN, and its slope is the price of X(p./1 = p,).” 

The original equilibrium is at point P on the indifference curve II. At this point 
Ox, = M,P units of X and OM, units of “money” are bought. The slope of MN 
is (the negative of )MM,/M,P, so the price of X is MM,/M,P. The total amount 
spent on X is accordingly M,P(MM,/M,P) = MM,. When the price of X in- 
creases to the level given by the slope of MN ', the quantity of X purchased drops 
to'Ox, the amount of “money” bought remains constant at OM,, and the amount 
spent on X remains unchanged. Price increases to MM, /M,Q, quantity purchased 
declines to M,Q, and total expenditure on Xis M,\Q(MM,/M,\Q) = MM,. The 
proportionate increase in the price of X is exacily offset by the proportionate 
decrease in the quantity of X-bought, Consequently, demand has unitary elastic- 
ity over this range. And notice: the price--consumption curve is QP. Thus when 
the price-consumption curve is horizontal, price elasticity of demand for X is 
unitary. 

In Panel B, an increase in the price of X (from that given by the slope of MN 
to that given by the slope of MN ') is accompanied by a decrease in expenditure 
on X from MM, to MM3. The proportionate increase in the price of X is more than 
offset by the proportionate reduction in quantity demanded. Demand is therefore 
elastic. The price-consumption curve is QP; hence when the price-consumption 
curve is negatively sloped, demand is elastic. 

By the same reasoning, Panel C illustrates the price~consumption curve when 
demand is inelastic. 

Thus we have the following: 


Relations: Demand has unitary price elasticity, is price elastic, or is price in- 
elastic according as the price-consumption curve is horizontal, negatively 
sloped, or positively sloped. Thus the price-consumption curve in Figure 3.4.1 
reflects commodity demand that is first {at higher prices) elastic, becomes uni- 
tary at a point, and is inelastic thereafter. 

é 


"In microeconomic theory, a price level is not determined. That chore is left to macroeconomic 
theory. Thus we can take the “price” of Hicks-Marsnall money to be whatever we wish it to be. Setting 
its price at unity is both logical and helpful. The determinants of the price level are determined and 
explained in course in macroeconomic theory and monetary theory. Here we concentrate exclusively 
upon relative prices. 4 
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Figure 3.4.3 Price-consumption curves and the 


M, MESEM i 
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SYNOPSIS 
"3.5 


® Consumers are assumed to allocate limited money income among available 
goods and services so as to maximize satisfaction. In the case of two 
goods, X and Y, the consumer's problem may be stated formally as that of 
finding values of x and y that maximize the consumer’s utility function 
U(x, y) while meeting the constraint that expenditures do not exceed total 
money income (that is, Z = p,x + Pyy where / is total money income, 
and p, and p, are the nominal or money prices of X and Y, respectively). 

™ Given the problem stated above, the consumer will choose x and y 
to satisfy 


where MU, is the marginal utility of X and MU, is the marginal utility 
of Y." This condition states that in equilibrium the consumer will choose 
x and y such that the marginal rate of substitution of X for Y equals the 
price ratio, 
By varying money income, nominal prices held constant, one can find the 
consumer’s income—consumption curve (subsection 3.3.a). The income- 
consumption curve can be used to derive the Engel curve for each com- 
modity, Engel curves show the equilibrium quantity of the commodity that 
will be purchased at each level of money income. The income-elasticity of 
demand (7,) is the proportional change in consumption of a commodity 
divided by the proportional change in income. Formally, 7, is 


“Exceptions to this condition are noted in question Sb of this chapter. 
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—— 


where (dx/dI) is the slope of the Engel curve (subsection 3.3.d). 

B® Goods with n; >-lare called “superior goods,” goods with 0 < n, = 1 
are called “normal goods,” and goods with 7, < 0 are called “inferior 
goods.” In principle ‘a good may be classified as “superior” for some 
levels of income and “inferior” for other levels of income. A good may 
be inferior for one consumer and normal or superior for some other 
consumer. 

® By holding constant money income and one of the nominal prices while 
varying the other nominal price, a price—consumption curve can be de- 
rived (subsection 3.4.a). Given a price—consumption curve, a demand 
curve for a specific commodity can be derived. The demand curve shows 
the equilibrium quantity demanded of the commodity for different values 
of the nominal price of the commodity (subsection 3.4.b). The law of de- 
mand states that the quantity demanded of a commodity will vary in- 
versely with its price, money income and the nominal prices of other com- 
modities held constant. 

®@ The price elasticity of demand is the proportional change in the quantity of 
the good divided by the proportional change in the price of the good 
(subsection 3.4.c). If price elasticity is greater than 1 (elastic), the total = 
expenditure on the good will increase when price falls. If price elasticity is 
exactly 1 (unitary), total expenditure remains constant when price falls, 
and if price elasticity is less than 1 (inelastic), total expenditure will de- 
crease when price falls. Chapter 5 deals with the concept of price elas- 
ticity in more detail. 

@ The analysis of this chapter can be generalized to the case of three or 
more commodities, but the fundamental conclusion remains: If individual 
consumers behave so as to maximize satisfaction from a limited money 
income, individual quantities demanded will vary inversely with price. In 
the following chapter this fundamental conclusion is explained more fully 
and one special exception is noted. 


QUESTIONS AND EXERCISES 


1. One of the basic assumptions underlying the theory of consumer behavior states 
that increases in utility tend to diminish as the consumption of a good increases 
a. If you think this is true, show what role the assumption plays in the 

development of the theory and in its conclusions. 
b. If you think it is false, demonstrate that the main results of the theory ot 
consumer behavior can be obtained anyway. 

2. Both the marginal utility approach and the indifference curve approach yield the 
same equilibrium position for a rational consumer. Compare these explanations of 
equilibrium and discuss the relative advantage of the two approaches. 

3. Comment on the following pair of statements: 

a. Consumer preferences are measured by relative prices. 
b. Consumer preferences are independent of relative prices. 
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Rate of return 


Suppose a consumer in a two-good world has linear indifference curves with a 
slope that is everywhere equal to — 1/2; that is, the marginal rate of sUbstitution is 
1/2. 

a. What is the equilibrium consumption when p, = 1 and p, = | and income is 
$1,000? What is the equilibrium consumption when p, = 1 and p, = 2? 

b. in Chapter 2. it was noted that iridifference curves are usually assumed to be 
convex. What would be the consumer equilibrium if the indifference curves 
were concave (as in Figure 2.3.2), given a budget constraint of the kind 
discussed in this chapter? 


. Consider a consumer in a two-commodity world whose indifference map is such 


that the slope of the indifference curves is everywhere equal to —(y/x), where y is 

the quantity of good Y (measured along the vertical axis) and x is the quantity of 

good X (measured along the horizontal axis). 

a. Show that the demand for X is independent of the price of Y and that the price 
elasticity of demand for X is unitary. (Hint: Setting the marginal rate of 
substitution equal to the price ratio gives (p,/p,) = (y/x), or xp. = ypy. Since 
xp, + yp, = I where / is the given constant money income, one has 
4px = (1/2). Thus the demand function is x = (1/2p,)/. Go on from here.) 

b. Explain precisely the meaning of the term “marginal rate of substitution.” What 
is the value of the equilibrium MRS for this consumer, given that the price of 
X is $1, the price of Y is $3, and the consumer's income is $120? 

c. What does the Engel curve look like for X? What is the income elasticity of 
demand for X? 


. Suppose that a seller offers the following price policy for commodity X: The price 


of X is $2 a unit for the first 200 units and-$1/2 a unit for all units purchased in 

excess of 200. Suppose commodity Y sells at a constant $1 a unit. 

a. Sketch the budget line when the consumer’s income is $500. 

b. Is it possible to have more than one point of consumer equilibrium in this 
situation? 


. In the modem theory of finance, portfolios of securities are constructed with 


various combinations of riskiness and rates of return.“ Given a set of securities, it 
can be shown that the set of available combinations of riskiness and rate of return 
looks like the shaded area in the following figure: 


Riskiness 


“The reader interested in more detail can consult E. Fama and M. Miller, The Theory of Financ 
(New York: Holt, Rinehart & Winston, 1972). | oh allie nia 
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The efficient frontier, e, shows the maximum rate of return that can be achieved 
at each level of riskiness. Portfolios on or below e are feasible, but not those 
above e. 

a. Assuming that investors like larger rates of return but do not prefer greater 
tisk, what is the shape of a typical indifference curve in the rate of 
return-riskiness space? 

b, Illustrate investor equilibrium graphically, using indifference curves of the kind 
obtained in part (a) of this question and treating the efficient frontier as a 
“budget” line. 

8. Businessmen sometimes complain, “Inflation is killing me. My costs have risen 
and passing the increase along to consumers stifles demand.” Define inflation as a 
proportionate increase in the price of all commodities in the economy in terms of 
money. 

a. Show the effects of inflation on a typical consumer budget line and on his 
demand curve. 

b. Is the businessman's statement correct? 

c. What kind of change is most likely to affect the businessman's profits? 
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CHAPTER 


Topics in Consumer 
Demand 


In this chapter we use the theory of consumer behavior from the previous two 
chapters to help us analyze a host of issues. Can we be sure the demand 
curve from Chapter 1 is downward sloping? What do we mean by the 
substitution and income effects of a price change? This question also relates 
to such present-day policy issues as whether a gas tax increase will 
necessarily reduce gas consumption. In the “Applying the Theory” section, 
two different tax increase schemes (from the Carter Administration and the 
present day) are considered and you will see how the consideration of thé 
substitution and income effects helps in the analysis of the likely effects of 
these policies on gas consumption. We also see in this chapter that consumer 
theory is directly applicable to issues of labor supply (demand for leisure) and 
consumption versus saving decisions, among others, @ 


By Tom Wicker 

The architect of President Carter’s 
energy program, James R. Schlesinger, has 
raised the distinct possibility that substan- 
tial revenues from the new energy-related 
taxes eventually would be diverted to tax 
and welfare reform programs. 

That makes much sense but it’s not 
exactly the impression that was at first cre- 
ated by Mr. Carter’s energy messages. The 
President did concede, at his news confer- 
ence last week, that he couldn’t “certify 
today that every nickel of the taxes col- 
lected will be refunded to consumers.” 
That, he said, was because “we still have 
to have some flexibility.” 

The question had been specifically 
asked, however—and repeated — whether 
there would be a diversion of the new 
revenues to welfare and other reforms. In 
the light of Mr. Schlesinger’s remarks on 
the CBS “Face the Nation” program 
Sunday, Mr. Carter’s news conference an- 
swers appear unresponsive, if not evasive. 

The Administration did propose to 
tebate all energy-related tax revenues to 
the public “in the early years,” Mr. 
Schlesinger said. But, he continued: 

“We have not committed ourselves to 
the later years, because we want to inte- 
grate our energy proposals into welfare re~ 
form and into tax reform. ... the President 
would like to have some flexibility.” . 

Mr. Carter’s vague.response may have 
been politically more prudent, but what Mr. 
Schlesinger said makes more long-term 
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APPLYING THE THEORY 


Rebates or Revenue? 


‘A general rebate 
of the gasoline tax 
does not seem 

to promise much 
reduction in gas 
consumption.’ 


sense. Particularly as people become ac- 
customed to the higher price of gasoline 
and plan their budgets and activities ac- 
cordingly, the need to rebate every penny 
collected in additional gasoline taxes 
should diminish or even disappear. 

Most earlier gasoline tax proposals, in 
fact, have included tax rebates only to low- 
income persons who had to depend on 
their automobiles for getting to and from 
work. Admittedly, making that kind of dis- 
tinction among drivers — either by exemp- 
ting a minimum amount of gas from the 
tax or by-rebating only to low-income 
persons — would be more complex to ad- 
minister and might be open to charges of 
inequity. 

Nevertheless, it does not seem to make 
sense —to use an example provided by 
Steven Rattner of The Times Washington 
Bureau —for a family driving 17,558 miles 
on 1,255 gallons of gas per year in cars 
getting about 14 miles per gallon to make 
a profit on the proposed gasoline tax. If 
such a family continued driving as usual, 
they would pay $627.50 annually in taxes 
in 1985, when the full 50-cents-per-gallon 
tax presumably would be in effect — but 
(continued on page 88) 


APPLYING THE THEORY 


welfare reform; they could also be legiti- 
mately invested in numerous energy and 
transportation projects. There is a differ- 
ence only in degree in imposing a four- 
cent gas tax to build the interstate highway 
system, and raising that tax to 50 cents to 
help pay for mass transit or for rebuilding 
antiquated railway roadbeds, 

Mr. Carter’s political judgment may 
well be that the promise of full gasoline- 
tax rebates is needed to win public and 
Congressional approval even of the pro- 
posed standby tax. If so, the rebate legis- 
lation still could be limited in duration, to 
permit sensible reconsideration within a 
few years. 


(continued from page 87) 
would get a rebate of $735, for a profit of 
$107.50. 

In fact, to a layman at least, a general - 
rebate of the gasoline tax does not seem 
to promise much reduction in gasoline 
consumption. The tax might give lower- 
income drivers a cash-flow problem since 
they would be paying higher prices all 
year, before a one-shot rebate at the end of 
the year, But drivers would not actually be 
paying more in the long run. So why cur- 
tail driving? As the oil companies like to 
say, where’s the incentive? 

Shouldn't driving, too, be made actually 
to cost what it’s worth, if it’s the aim of 
the Carter energy program to make all en- 
ergy cost what it’s worth? If so, it’s hard 
to see the purpose of the promised gasoline 1. 


Questions 
President Reagan and many Congress- 


| 4 
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tax rebates, other than to cushion early- 
year hardships, and to sustain low-income 
drivers —unless the promise of rebates is 
being held out now to make the tax more 
politically acceptable, while the long- 
range intention is to keep all or much of 
the revenue, as Dr. Schlesinger seemed 
to suggest. 

If that is the ultimate aim, Mr. Carter 
might do better to fight the issue through 
now with Schlesingerian candor, and not 
just to avoid later charges of reneging on 


the rebates; it also makes more sense (a) to 
make driving costly énough to achieve real 


conservation, and (b) to tap the immense 
potential of revenues from what is essen- 
tially an increased user tax. 3 
Those revenues, moreover, need not be 
used only to replace the costs of tax and 
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men and Senators are now considering 
raising the excise tax on gasoline, Such 
a tax increase will increase the price of 
gasoline to consumers, Will it neces- 
sarily reduce gas consumption? (In 
your answer be sure to distinguish the 
substitution effect of this price rise 
from the income effect.) 

In 1977, President Carter had proposed 
an increase in the gas tax, but with the 
added provision that the revenue raised 
would be returned “to the public,” If 
the amount of this rebate is NOT re- 
lated to the quantity of gas that an indi- 
vidual consumer individually pur- 
chases, how does this affect the income 
and substitution effects outlined in 
question 1? Does the income effect dis- 
appear? The substitution effect? 


3. Refer to the paragraph “In fact, to a 


layman...” in the article. Is Mr. 
Wicker correct in his conclusion that 
there would be no incentive to curtail 
driving under-the circumstances in 
question 2 above? Explain carefully. 


2. The substitution effect is NOT offset, 


although the income effect may well be 
for any given consumer. An individual 
whose pre-tax purchasing power is re- 
stored will still have an incentive to 
consume less of the taxed commodity 


4. If President Reagan asked for your help (and more of other commodities) due 
in determining how rnuch gas con- to this substitution effect or relative 
sumption would be reduced as a result price effect. 
of his proposal to increase the gas tax, Mr. Wicker is therefore incorrect. The 
what economic concept from the pre- substitution effect will still remain and 
vious chapters would you find most ` provides an incentive to reduce gaso- 
useful? Why? In your answer explain line consumption, although not quite 
how you would use this concept. as much as was the case where there is 

` no rebate (assuming gasoline is a nor- 

Solutions mal good). 


1; 


If gas is a “normal” good, then the in- 
crease in the price must necessarily re- 
duce the quantity demanded, since both 
the substitution and income effect work 
in the same direction. The “income 
effect” of the price rise refers to the 
fact that as a result of the tax increase, 
the consumer can buy less of his total 
market basket of goods and services. 
This effect tends to reduce the con- 
sumption of all “normal” goods (al- 
though this effect is small if the taxed 
commodity does not account for a large 
part of the consumer's expenditures.). 
The “substitution” effect or the 
“relative price” effect results from the 
fact that the tax increase increases the 
price of gasoline relative to other 
goods. This effect by itself always 
causes the consumer to shift some of 


. The amount of the price increase from 


the tax increase is determined by the 
supply and demand elasticities. The 
price elasticity of demand would be 
most useful once we know the effect of 
the tax increase on the price rise. If we 
knew, for example, that in the range of 
prices under consideration, this price 
elasticity was .15, then we could use 
such information to determine the per- 
centage decrease in gas consumption. 
Suppose the price increase as a result 
of the increased gas tax was 10 per- 
cent. Then, if the price elasticity of de- 
mand was .15, we would predict that 
gas consumption would decrease by 
1.5 percent. 


Source: New York Times, April 26, 1977, ©1977 by 
the New York Times Company. Reprinted by 
permission. 


his consumption from the taxed com- 
modity to other commodities. 


De OOOO 
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APPLYING THE THEORY | 


Despite Fare Rise, Taxi Fleets Report New Losses Again 


The city’s taxi fleets have found the fare 
increase granted last fall inadequate and are 
preparing to seek a new increase, accord- 
ing to Taxi News, the industry’s paper. 

The 17.5 percent fare increase that went 
into effect in November has produced only 
about a 10 to 11 percent increase in gross 
revenues rather than the 17.5 percent that 
the Taxi and Limousine Commission had 
predicted, the paper said. As a result, the 
paper said, the possibility of operational 
profit has been wiped out and losses are 
building up again, because “operating costs 
have continued to inflate.” 


the fare increase that will provide the 17.5 
percent increase in gross revenue. 

“According to industry accountants, that 
can only be done by reshaping the fare up- 
ward to the 25 percent schedule they origi- 
nally submitted,” the paper added. 

The Taxi News also suggested that the 
industry was expected to put forward a 
plan to offset the rising costs of gasoline. 
This might take the form of charging pas- 
sengers 1 cent for each 2 cents per gallon 
of increased gasoline costs, the paper said. 
If gasoline costs dropped, it said, the pro- 
cedure would be reversed, and 1 cent 


| 


! 


The industry’s paper said that the Met- 
:ropolitan Taxicab Board of Trade, repre- 
senting the city’s 60 fleet owners, would 
probably demand that the Taxi Commission 
“live up to its commitment to give them 


would be taken off the trip cost for each 
2-cent reduction in the cost of gasoline. 
The Metropolitan Taxicab Board of 
Trade has called a news conference for this 
morning to announce details of its plans 


a 
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The theory of consumer behavior was developed in Chapter 3, where it was 
noted that an individual consumer demand curve normally slopes downward to 
the right—that quantity demanded varies inversely with price. This chapter 
presents a closer analysis of consumer demand and of market demand for related 
commodities. 


righ lb AND INCOME EFFECTS 
A change in the nominal price of a commodity actually exerts two influences on 
quantity demanded. In the first place, there is a change in rélative price—a 
change in the terms at which a consumer can exchange one good for another. The 
change in relative price alone leads to a substitution effect. Second, a change in } 
the nominal price of a good (nominal income Temaining constant) causes a change 
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and to document the fleet industry’s needs, 
a spokesman said. 


Questions 


1. 


From the information in this article, is 
the demand for taxis elastic or inelastic 
over the price range in effect in the ar- 
ticle? How do you know? 

According to the Taxi and Limousine 
Commission, the 17.5 percent fare in- 
crease was supposed to generate an 
increase in “gross revenues” of 17.5 
percent. For this to occur, what would 
the elasticity of demand for taxis have 
to be? 


Commission regarding the elasticity of 
demand for taxis under the price range 
‘under consideration? Explain. 


Solutions 


E 


Demand for taxis must be inelastic. As 
a result of the price increasing, total 
revenue went up. 


. They must have thought the elasticity 


was zero. That is, for a given price in- 
crease to generate a corresponding in- 
crease of the same amount in total 
revenue, there must be no reduction in 
quantity demanded. Note that if the 
elasticity was equal to 1, then there 


would be no increase in total revenue. 
No. The MTBT feels the elasticity is 
less than 1, but greater than zero, The 
Taxi and Limousine Commission im- 
plicitly assumes it is zero. 


3. The MTBT, representing the city’s 60 
fleet owners, want a 25 percent fare in- 3. 
crease in order to increase gross reve- 
nues by 17.5 percent. Does the MTBT 
agree with the Taxi and Limousine 


————————— O 


in real income, or in the size of the bundle of goods and services a consumer can 
buy. If the nominal price of one good falls, money income and other nominal 
prices remaining constant, real income rises because the consumer can now buy 
more, either of the good whose price declined or of the other goods. In other 
words, the consumer's level of satisfaction must increase. This change in real 
income leads to an income effect on quantity demanded. 

An application of the substitution and income effects (given in the “Applying 
the Theory” section) involves whether a rise in th@ gasoline tax (that is rebated) 
will necessarily decrease the amount of gasoline consumption. See the “Applying 
the Theory” section at the end of this chapter for more details. 


The Substitution Effect in the Case of a Normal or Superior Good 


When the price of one good changes, the prices of other goods and money income 
` remaining constant, the consumer moves from one equilibrium point to another. 
In normal circumstances, if the price of a good diminishes, more of it is bought; 
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if its price increases, fewer units are taken. The overall change in quantity de- 
manded from one equilibrium position to another is referred to as the total effect. 


Total Effect: The total effect of a price change is the total change in quantity 
demanded as the consumer moves from one equilibrium to another. 


The total effect of a price increase is illustrated in Figure 4.2.1. The original 
price ratio is indicated by the slope of the budget line LM. The consumer attains 
equilibrium at point P on indifference curve II, purchasing Ox, units of X. When 
the price of X rises, as indicated by shifting the budget line from LM to LM’, the 
consumer moves to a new equilibrium position at R on indifference curve I. At 
this point Ox, units of X are purchased. The total effect of the price change is 
indicated by the movement from P to R, or by the reduction in quantity demanded 
from Ox, to Ox,. In other words, the total effect is Ox; — Ox, = xx. This is 
called a negative total effect because quantity demanded is reduced by x,x; units. 

The total effect of a price change can be decomposed into two effects; the 
substitution effect and the income effect. Let us first examine the substitution 
effect. Consider Figure 4.2.1. When the price of X increases, the consmer 
suffers a decline in “real income,” i.e., utility, as indicated oy the movement from 
indifference curve II to indifference curve I. Suppose that coincident with the 
price rise the consumer were given an amount of (additional) money income just 
sufficient to compensate him for the loss in real income that would otherwise be 
sustained. That is, the consumer is given a compensatory payment just sufficient 
to remain on indifference curve II under the new price regime. 

Graphically, this compensation is shown by constructing a fictitious budget 
line tangent to the original indifference curve, but whose slope corresponds to the 
new price ratio. The dashed line CC’ in Figure 4.2.1 is the fictitious budget line 
for this example — it is tangent to the original indifference curve II at point Q; 
but it is parallel to the new budget line LM’, thereby reflecting the new price 
ratio. 

The substitution effect is represented by the movement from the original 
equilibrium position at P to the imaginary equilibrium position at Q, both points 
being situated on the original indifference curve. In terms of quantity, the substi- 
tution effect is the reduction in quantity demanded from Ox, to Ox», or by xx, 
units. 


Substitution Effect: The substitution effect is the change in quantity 
demanded resulting from a change in relative price after compensating the 
consumer for the change in real income. In other words, the substitution effect 
is the change in quantity demanded resulting from a change in price when the 
change is restricted to a movement along the original indifference curve, thus 
holding real income constant.’ 


‘As this statement implies, we will use total consumer satisfaction as indicated by the indifference 
curve as the measure of real income. Hence all points on the same indifference curve represent the 
same real income, higher indifference curves represent greater real income: and lower indifference 
curves represent smaller real income. 
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Figure 4.2.1 Substitution and income effects for a Figure 4.2.2. Substitution and income effects for a 
normal or superior good in case of a price rise normal or superior good in case of a price decrease 
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It is called a substitution effect because it is the change that occurs as the 
consumer attempts to substitute away from the relatively expensive good to the 
cheaper one. Even if his real purchasing power did not change, a consumer will 
(generally) shift away from more costly goeds. 
: ; The substitution effect in the case of a price decline is illustrated in Fig- 
ure 4.2.2. The original equilibrium is point P on indifference curve I, the price 
P i ratio being indicated by the original budget line LM. The price of X now declines 
v to that indicated by the slope of LM '. In the absence of a compensatory payment, 
Er the consumer would enjoy anʻincrease in real income, moving to equilibrium on 
indifference curve II. In this case, we compensate by imagining a decrease ‘in 
money income by an amount just sufficient to maintain real income constant at 
the new price ratio. Graphically, this is illustrated by the dashed line CC’. 

As a result of the price change alone, real income held constant, the consumer 
moves from the original equilibrium at P to the imaginary equilibrium at Q. The 
movement from P to Q along the original indifference curve represents the 
substitution effect. In quantity units, it is the expansion of quantity demanded 
from Ox; to Ox. 

Comparing the cases in Figures 4.2.1 and 4.2.2, one readily sees that the 
substitution effect by itself always implies that quantity demanded varies inversely 
with price.’ An increase in the price of X leads to a decrease in the quantity 
demanded of X if we keep real income constant (that is, if we keep the consumer 
on the same indifference curve). 


There is one extreme case, where X and Y are “perfect complements,” wheré there can be no 
substitution effect at all. 
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Further insight may be gained into the proposition that income-compensated 
price increases result in a reduction in the quantity demanded by considering the 
following argument that does not depend directly on the use of indifference 
curves. In Figure 4.2.3, the initial budget line is LM. We know that the consumer, 
say Smith, chooses a point on (not below) LM.’ Suppose Smith chooses bundle 
A. Now let the price of X increase so the budget line is LM’. We know that Smith 
is worse off after this price increase. Next assume we give Smith enough 
additional money income to compensate for this utility loss. Additions to money 
income result in parallel shifts in LM” to the northeast. We know that Smith will 
be at least as happy as before the price increase if we shift the budget line until 
it intersects LM at A, because at that point Smith could consume A even with the 
new prices. Accordingly, Smith will be just as happy as before the price increase 

when the budget line shifts to intersect LM at A or some point to the left of A. 
Suppose the increase in money income needed to compensate Smith for the price 
increase results in the new budget line DC’ The new consumption bundle must 
be on the segment DC because any point on the segment CC’ could have been 
consumed at the old budget line LM, and we know Smith preferred A to any of 
these other consumption bundles. (This is the transitivity assumption ii of 
Chapter 2.) But all points on DC have less X than bundle A, so the quantity 
demanded of X decreases when there are income-compensated increases in the 
price of X (that is, when money income is raised just enough to offset the utility 
lost from the real-income reduction caused by the increase in the price of X). This 
result is thus seen to follow directly from the assumptions about consumer 
behavior in Chapter 3 and does not require the explicit use of indifference curves. 

Note that the approach without indifference curves is identical to the approach 
with indifference curves. Given our definition of line DC ' in Figure 4.2.3, it is 
identical to line CC’ in Figure 4.2.1. Both are drawn such that the utility when 
Smith is at his optimum on the relevant budget line (DC’ in Figure 4.2.3'and CC’ 
in 4.2.1) is equal to the utility at R, the new optimum. Figure 4.2.3 is merely 
4.2.1 without the indifference curves drawn in. 

The method just described is usually attributed to Hicks, but there is another 
approach to deriving income and substitution effects that is associated with 
Slutsky. This method holds real income constant in a different’ way. 

Again consider a price rise for X as shown in Figure 4.2.1. The substitution 
effect is defined as the change in consumption after compensating the consumer 
to hold real income constant. One way to compensate him is to give him enough 
money so that he could still buy the previous optimum bundle, at P, given that 
he faces the new set of prices. This is done in Figure 4.2.4 by giving him budget 
line DD’. 

In some sense, income is held constant because the individual has point P 
available to him even though the price of X has gone up. For example, if p,,=5 
and Ox,=4, then an increase in p, to p,,=6 implies that an increase in income 


*We assume that X and Y are MIBs as defined in Chapter 2. 
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Figure 4.2.3 Substitution effects with a price rise and Figure 4.2.4 Slutzky method: Substitution and 
ome compensation income effects 
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of $4 (= 4 X (6 — 5)) would permit the individual to consume the same amount 
of X and Y even though the price of X has gone up. 

Of course, given DD’, the individual would no longer choose P. Instead he 
would substitute toward Y and away from X moving to some new point like S. 
The reduction in X from x, to x} is the substitution effect. 

In general, Ox; — Ox, in Figure 4.2.4 will not be equal to Ox; — Ox, in 
Figure 4.2.1. The reason is that real income is held constant in a different way 
in the two diagrams. As the change in price becomes small, the difference 
between the two methods disappears. Although no one approach is correct, most 
economists prefer to use the Hicksian method since it has a cleaner interpretation 
in most circumstances. 


4.2.b The Income Effect in the Case of a Normal or Superior Good 


In determining the substitution effect, one is constrained to movements along the 
original indifference curve, However, the total effect of a price change — money 
income and the prices of other commodities held constant — always entails a shift 
from one indifference curve to another, or a change in real income. 


Income Effect: The income effect of a change in the price of one commodity 
is the change in quantity demanded resulting exclusively from a change in real 
income, all other prices and money income held constant. 


Consider Figure 4.2.1. When the price of X rises, as indicated by the shift of 


the budget line from LM to LM’, the consumer attains a new equilibrium on 
indifference curve I. The movement from P to Q along indifference curve II 
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represents the substitution effect. Now let the consumer’s real income fall from 
the level represented by the fictitious budget line CC’. The movement from the 
imaginary equilibrium position Q on indifference curve II to the actual new 
equilibrium position R on indifference curve I indicates the income effect. Since 
CC’ and LM’ are parallel, the movement does not involve a change in relative 
prices. It is a real-income phenomenon. 

Real income declines as a result of the rise in the price of X. The reduction 
in quantity demanded from Ox, to Ox, measures the change in purchases attrib- 
utable exclusively to the decline in real income, the change in relative price 
already having been accounted for by the substitution effect. 

Similarly, in Figure 4.2.2, the decline in the price of X leads to an increase 
in real income. The substitution effect accounts for the movement from P to Q, 
and the income effect is represented by the movement from Q to R. Real income 
increases as a result of the price decrease, and quantity demanded increases from 
Ox, to Ox,, exclusively as a result of the increase in real income. 

From either graph one may readily see that the total effect of a price change 
is the sum of the substitution and income effects. In Figure 4.2.1, the total effect 
of the rise in the price of X is a reduction in quantity demanded from Ox, to Oxy. 
The movement from Ox, to Ox; is attributable to the substitution effect, and the 
movement from Ox; to Ox, is the income effect. The same reasoning applies, 
mutatis mutandis, for the total effect shown in Figure 4.2.2. See the “Applying 
the Theory” section for an application of substitution and income effects. 


4.2.c Normal or Superior Goods 


As indicated by the subheadings above, the analysis has so far been restricted to 
the case of “normal” or “superior” goods, but a “normal” or “superior” good has 
not yet been defined except in terms of income elasticity of demand. We now 
have the tools necessary for a more refined definition. 

Note from Figure 4.2.1 that when the price of a commodity rises, real income 
declines and the income effect causes a decrease in quantity demanded. On 
the other hand, a price decline (Figure 4.2.2) leads to an increase in real income 
and to an increase in quantity purchased attributable to the income effect. In both 
these cases the quantity demanded varies directly with real income: an increase 
in real income leads to an increase in quantity demanded and a decrease in real 
income reduces the quantity demanded. 


Normal or Superior Goods: A normal or superior good is one for which the 
Quantity demanded varies directly with real income. 


Principle: For a normal or superior good the income effect reinforces the 
substitution effect. A price decrease means real income has increased and, for 
a normal or superior good, this means the Quantity demanded will increase. 
But a price decrease also increases the quantity demanded because of the 
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substitution effect, so both the income and substitution effects work in the 
same direction. Thus for a normal or superior good quantity demanded always 
varies inversely with price. 
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INFERIOR GOODS 
4.3 


Theory dictates and empirical studies show thar for most goods the income effect 
is positive.“ In certain unusual cases, however, the income effect may cause a 
switch from margarine to butter, from dried to fresh beans. Thus an increase in 
real income may result in a decrease in the consumption of certain commodities, 
These commodities are called inferior goods. 


Inferior Goods: An inferior good is one for which the quantity demanded 
varies inversely with real income— increases in real income reduce the 
quantity demanded and decreases in real income increase the quantity 
demanded of inferior goods. 


Inferior Goods and the Giffen Paradox 
4.3.8. 


An increase in real income may be attributable to an increase in money income, 
commodity prices remaining constant, or to a decline in prices, money income 


“The Income effect is the change in x that results from a change in income, Since 
T= px t py +. + Pa 
then for any change in income, irrespective of its cause, 
dl = pod + pdi a + padi 
Since pui pp, «. +P, > O and snc the let-nd ses postive, in some “average” sense, the 3d, 
2 ay. Š dl on the righthand side mms be pve, In fact, the last expression can be rewritten 
as 
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where 1, ™ "0 or the share of income spent on good q and 1), = “YY or ihe income elasticity of 
Food d. Thus, a weighted average ol income elasticities mest equal 1, and so income effects we 


positive, on average. 
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Figure 4.3.1 Illustration of an inferior good 
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In the change, the position of consumer equilibrium shifts from point P on 
indifference curve I to point Q on indifference curve II. As a result of the increase 
in real income at the constant relative prices, the quantity demanded of good X 
falls from Ox, to Ox. The income—consumption curve, over this range of real- 
income values, rises backward from P to Q; and the entire income~consumption 
curve might resemble the curve APQB. 

Figure 4.3.1 illustrates an indifference map involving an inferior good (X).° 
The income effeet is inverse, a rise in real income at a constant Price ratio leading 
to a decline in quantity demanded. Similarly, if L’M' is regarded as the original 
income level, LM represents a lower real income. In this case, a decline in real 
income would be accompanied by an increase in the quantity of X demanded. 

Generally, the substitution effect of a price change is great enough to offset a 
negative income effect. But in one case, called the Giffen Paradox, the income 
effect is so strong that it more than offsets the substitution effect. Thus a decline 
in price leads to a decline in quantity demanded and a rise in price induces a rise 
in quantity demanded. Figure 4.3.2 is an illustration of the Giffen Paradox. The 
original price of X is given by the slope of LM. With given money income and 
a constant price of Y, the price of X falls to the level indicated by the slope of 
LM’. The position of consumer equilibrium shifts from point P on indifference 


“The argument given in footnote 4 implies that both goods in a two-good world cannot be inferior, 
The intuition is that the increase in income must be spent on something, and if both were inten 
a decrease in it on both would be implied. But this would imply that the individual is not 
Ce an8 all his income. This puts the consumer inside the budget line and cannot be optimal, Can 
both goods be superior in a two-good world? - 
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Figure 4.3.2 Illustration of the Giffen Paradox 
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curve I to point Q on indifference curve II. Over this range, the price- 
consumption curve is PQ, and throughout the entire range it might look like the 
curve APQB. In the case of the Giffen Paradox, the price—consumption curve is 
backward rising over a certain range. 

The substitution effect associated with the fall in p, is still positive (equal to 
Ox; — Ox;) and shown by the move from P to R. But the income effect of 
Ox, — Ox; is not only negative; it is large enough to swamp the positive substi- 
tution effect so the net effect is negative, i.e., Ox, — Ox, < 0. 


Giffen Paradox: Giffen Paradox refers to a good whose quantity demanded 
varies directly with price. A good must be an inferior good to belong in this 
category; but not all inferior goods conform to the conditions of the Giffen 
Paradox. The class of goods for which thé Giffen Paradox holds constitutes the 
only exception to the law of demand. 3 


While the Giffen Paradox is a legitimate theoretical exception to the law of 
demand, there is no persuasive empirical evidence that this phenomenon occurs 
to any measurable extent. There is evidence that some goods, such as oleo- 
margarine, may have negative income elasticities and hence are classified as 
inferior goods, but there is virtually no evidence that the income effect is ever 
substantial enough in these cases to lead to the Giffen Paradox.° 


uently, one sees textbook “examples” of Giffen goods such as potatoes in 19th-century 
Ireland, but there does not appear to be any confirming evidence to support these examples. The 
interested reader may wish to consult George J. Stigler, “Notes on the History of the Giffen Paradox,” 
Journal of Political Economy 55 (1947), pp. 152-56. 


Figure 4.3.3 Income and substitution effects for. an 
inferior good not subject to the Giffen Paradox 
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pera and Substitution Effects for an Inferior Good 


The relations described in subsection 4.3.a are shown more clearly by separating 
the total effect into its component parts. Figure 4.3.3 is an illustration of the 
income and substitution effects for an inferior good not subject to the conditions 
of the Giffen Paradox. 


Exercise: Using a diagram analogous to Figure 4.3.2, show that X is an 
inferior good but is not subject to the Giffen Paradox. 


7 ui aia AND COMPLEMENTARITY 
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When an individual’s demand schedule is constructed, his or her preference 
pattern, nominal money income, and the nominal prices of related commodities 
are held constant. Thus a demand schedule shows the relation between the 
nominal price of a commodity and the quantity of it demanded, all other demand 
influences held constant (or impounded in a ceteris paribus assumption). This 
partial equilibrium demand function is quite useful for some purposes, but much 
less useful for others. In some situations a general equilibrium view of the 
problem is required. So far as demand analysis is concerned, this means that one 
or more of the ceteris paribus assumptions must be relaxed. 

More particularly, if the nominal prices of related commodities are allowed to 
vary, there will be definite repercussions on the quantity demanded of the com- 
modity in question. By observing these repercussions, one is able to classify pairs 
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of commodities as substitute or complementary goods. Historically, the first 
method of classification was based upon the total effect upon quantity demanded 
of good X resulting from a change in the price of good Y. 


oon by Cross-Elasticities : 


If all prices are allowed to vary, the quantity of good X demanded depends not 
only upon its own price but upon the prices of related goods as well. Instead of 
a demand curve there is a demand surface such as shown in Figures 4.4.1 and 
4.4.2. 

For illustrative purposes, suppose good X is related to only one other com- 
modity, good Y. Schematically, the demand function can no longer be written as 
q = h(p). Instead, one must write q; = f(p,, py), where q and p represent 
quantity and price and the subscripts indicate the commodity in question.” 

The price elasticity of demand, or “own” elasticity, is 


= (22 + 42) 
n=- (22> B), 


where A means “the change in.” The direct price elasticity, in other words, is the 
proportional change in quantity demanded of good X resulting from a given 
proportional change in the price of good X. The elasticity formula is applicable 
whether the demand function has the form shown in the first or second equation. 
When the price of a related good enters the demand function, however, it is 
possible-to define the price cross-elasticity of demand: 


Z = Ad , APy 
Ny = 2 4 
q Py 


The price cross-elasticity of demand is the proportional change in the quantity of 
X demanded resulting from a given change in the price of the related good Y, 

According to the cross-elasticity classification, goods X and Y are substitutes 
or complements according as the price cross-elasticity of demand is positive or 
negative. As trivial examples, consider the following. An increase in the price of 
pork, the price of beef remaining constant, will tend to augment the quantity of 
beef demanded; ny is positive, and beef and pork are said to be substitute goods. 
On the other hand, an increase in the price of gin will tend to reduce the quantity 
of vermouth demanded (the price of vermouth remaining constant), because they 
are used in tandem for martinis; in this case 7,, is negative, and gin and vermouth 


are said to be complementary goods. = 
ye. 


j2. 
"Implicitly, this is always true, but when = 


Op, 0D.. 


= 0, we tend to suppress it and write q = f(p). 
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Figure 4.4.1 Demand surface for good X when X and Y are substitutes 
D 


Geometric Illustrations 
4.4.b rA 


Linear demand surfaces for the two-good case’ are shown in Figures 4.4.1 and 
4.4.2. In each graph, the quantity of X demanded is plotted on the vertical or 
- “height? axis, while the prices of X and Y are plotted on the “width” and “length” 


axes. In each case, the plane ABCD is the demand surface. 


Figure 4.4.1 shows a'linear demand surface where goods X and Y are substi- 
tutes over the range of prices considered. Notice that the law of demand holds: 
as the price of X increases, its quantity demanded falls. Thus if the price of Y is 
held fixed at Op,,, an increase in the price of X from Op., to Op,, causes a decline 
in quantity demanded from RR’ to TT”. Now hold the Price of X constant at Op, ,. 
As the price of Y increases from Op,, to Op,, the quantity of X demanded rises 
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Figure 4.4.2 Demand surface for good X when X and Y are complementary 


from RR’ to SS’—an increase in the price of good Y causes an increase in the 
quantity of X demanded. To put it differently, an increase in the price of Y causes 
the demand curve in the Q,, p, plane to shift from EE’ to FF’. Thus the coeffi- 
cient 7,, is positive, and the goods are said to be substitutes. 

Figure 4.4.2 shows thé opposite relation over the range of prices considered. 
The law of demand again obtains. For a fixed price of Y, Op,,, an increase in the 
price of X from Op,, to Op,, causes a reduction in quantity demanded from RR’ 
to 7T'. But now hold the price of X constant at Op,,. An increase in the price of 
Y from Op,, to Op,, also causes a decline in the quantity of X demanded, from 
RR’ to SS’ in this case. Alternatively, one may say that the demand curve for X 
shifts from EE’ to FF’. Accordingly, the coefficient of price cross-elasticity is 
negative and the commodities are said to be complementary goods. 

The cross-elasticity approach to commodity classification directs attention to 
the change in quantity demanded resulting from a change in the price of a related 
good without compensating for the change in the level of real income. The total 
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effect of a price change is thus the criterion used in this classification scheme. On 
an empirical level, this is the only feasible method of commotiity classification 
because market demand functions can be computed while individual preference 
functions cannot (from readily available data). 

In applied problems, one is usually interested in the market relation among 
commodities rather than the commodity relation as viewed by an individual 
consumer. Thus the cross-elasticity classification of commodity relations is the 
one most frequently encountered in applied studies. Indeed, reference to market 
cross-clasticities has even appeared in Supreme Court antitrust decisions. 
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An interesting application of indifference curve analysis can be made in the field 
of index numbers. For simplicity, let us restrict our attention to a consumer who 
buys two commodities, X, and X;, in two different time periods, 0 and 1. In time 
period 0 the consumer buys x? units of X, at price p and x9 units of X; at price 
p? Similarly, in period 1 the consumer purchases x} and x} units of X, and X, 
at prices p| and p} respectively. The essential problem of index numbers is as 
follows: Has the individual's standard of living increased or decreased in period 
1 as compared With period 0? 4 

To make the comparison of standards of living at all meaningful, it is neces- 
‘Sary to assume that the consumer's taste (preference map) does not change over 
the time period under consideration. Given this assumption, information can 
sometimes be gained from indifference curve analysis. 

_Consider-the budget lines given in Figure 4.5.1. In the original period (called 
the base period), the consumer's money income and prices p° and p} give rise to 
the budget line P,P. In period 1, prices (and possibly income) change so that 
the budget line becomes P,P}. Is the consumer better off in period | compared 
with the base period in the sense of being on a higher indifference curve? The 
answer to this question, in the absence of direct knowledge of his or her indiffer- 
ence map, depends on the commodity bundles actually consumed in each period. 

To see why, suppose first we observe that the consumer chooses bundle Qo in 


Y 


; the base period and Q, in period 1. From the way the budget lines are drawn, it 


is clear that the consumer has the option of purchasing the base period bundle Q, 
in period 1, The reverse is not true; Q, could not be purchased at the base-year 
rices and income. à 
, Since Qp is still available in period | but is not chosen, the consumer 
must be better off in period 1, 

If, instead of Qo, the consumer had chosen Qj in the base period, we would 
fot be able to use this reasoning to conclude that Q, makes the consumer better 
off. This is because Q; is not available to the consumer at the period 1 prices as 
Qo was. The reader. should be able to see the ambiguity in this instance by 
imagining alternative sets of indifference. maps imposed on Figure 4.5. | —one 
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Quantity of X, 


set of indifference curves that puts Q5 on a higher indifference curve than Q, and 
an alternative set of indifference curves that puts Q, on a higher indifference 
curve than Qo. Thus, unless we know something about the indifference map, we 
PRAETERNA nee Qi end Os i pritema. 


information trom the Budget Map 


a arpin ie LAA eqoretn fha com of 
the base period bundle in terms of period 1 prices, then the consumer is better off 
in period 1, Thus, if 


\unbipkal + pixh >ipialie phi, 


then Q, prot Writ this expression as a sum and suppressing 
subscripts, we the i better off in period 1 when 
Spx'>tpx = (4.5.1) 
By the same reasoning, if 
Lp’ > = p*', (4.5.2) 


then the individual is better off in the base.period. This is because the inequality 
shows that the period 1 bundle was not chosen in the base period even though it 
could have been. 


Index Numbers as Indicators of Individual Welfare Changes 

The analysis can be pushed somewhat further by introducing three index num- 
bers. The first of these index numbers measures the change in the consumer's 
income from the base year to the given year. Since it is assumed that income 
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equals expenditure, the incomes of the base year and the given year are X p°x? 
and & p'x', respectively. Consequently, the index of money income change is 
S x p'x! 
Ip% 
The next index number to be introduced is called the Laspeyre index. This 
index number measures the cost, relative to the base period, of purchasing the 
base-year quantities at the given-year prices. Since the cost of the base-vear 
quantities at given-year prices is £ p'x°, the Laspeyre index isë 
TIAP RS 
Spt 
Finally, the Paasche index measures the cost of purchasing the given-year 


quantities at given-year prices relative to their cost at base-year prices. Since the 
cost of given-year quantities at base-year prices is F p°x', the Paasche index is 


E (4.5.3) 


(4.5.4) 


= pix! 
= px" 
Now from expression (4.5.1), the individual is better off in period 1 if 
>/p'x' > X p'x®. Dividing both sides of this inequality by X p°x°, we have that 
he or she is better off in period 1 if 


Y pix! IE po -En nol 


f (4.5.5) 


ao Se A ~ (4.5.6) 

a Zp Z p'r a É t chang M 
caine he EET $ mation ca) 
E >L. ae d (ca) 


Similarly, from expression (4.5.2), the individual is better off in the base 
period if $ p°x® > X p°x'. Dividing both sides of this inequality by È p'x', we 
have that the consumer is better off in the base period if 


PAE = px! 

ieee pings (4.5.8) 
or if 

{Fi} 

E > P (4.5.9) 
or if 

E< P. : ay (4.5.10) 


"The familiar Consumer Price Index produced each month b the U.S. B f Labor Statisti 
is an index of the Laspeyre form. i SAN T 
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From this analysis, especially expressions (4.5.7) and (4.5.10), four cases can 
be distinguished. 


E is greater than both P and L. By expression (4.5.7), the individual’s 
standard of living increases from period 0 to period 1. By (4.5.10) the 
standard of living does not fall. Hence the individual is definitely better 
off in period 1. 

E is less than both P and L. By expression (4.5.10), the individual was 
better off in the base period. By (4.5.7) the individual was not better off 
in the given period. An unequivocal answer is again obtained: the indi- 
vidual’s standard of living falls from period 0 to period 1. 


. L >E > P. In this case neither expression (4.5.7) nor (4.5.10) is satis- 


fied. L > E implies that the consumer cannot be said to be better off in 
period 1. But E > P implies that he carnot be said to be better off in 
period 0 either: Consequently, no conclusion can be drawn. 


. P >E >L. This situation is inconsistent. By expression (4.5.10), 


P > E implies that the individual was better off in the base period. But 
E >L implies, by (4.5.7), that the individual was better off in period 1. 
The individual’s standard of living has both risen and fallen! Such a 
contradiction may reflect a change in the individual’s preference pattern. 
In any event, it precludes an inference concerning the change in the 
individual's welfare. 


This situation is illustrated in Figure 4.5.2. Base period prices are given by 
budget line P) Po and period 1 prices by budget line P,P}. 


Suppose. that, the individual chose S$ when the budget line was P, Po and T 
„When 


budget line was P,P ;. Since LL’ lies below P,P}, but is parallel to it 
is on LL! and T is on P,P i, it must be true that 


Eps X iP% n ai giri 


} E EE 


u 


Epio BPX 
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IHT GSE. 


Also, since T is on MM’, which has the same prices but lies below PoPo, on 


Bi S resides, 
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Figure 4.5.2 hie indexes 
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E <P. 
Thus, 
P>E>L. 


That there is an inconsistency is obvious from the diagram because the con- 
sumer could have had T in the base period but chose S, implying that he prefers 
S$ to T. But in period 1, he could have had S, but chose T, implying that he prefers 
T to S. This is inconsistent unless tastes have changed. 

In summary, it is sometimes possible to determine whether an individual’s 
standard of living has increased or decreased by means of index number compar- 
isons. In other situations, however, the results are inconclusive or contradictory. 


APPLICATIONS OF INDIFFERENCE CURVE ANALYSIS: THE CHOICE BETWEEN 
mpd AND INCOME 


The theory of consumer behavior as formulated above is quite general, and it 
leads to many interesting and important propositions concerning demand and 
consumer choice. One application involves the derivation of the worker’s supply 
of labor to the market. This is equivalent to deriving his demand for leisure. To 
that end, let us aggregate expenditures on all goods and services into the simple 
term income. Since by our assumptions all income is spent on goods and services 
(which includes saving), this income is simply our familiar budget constraint. 


At the same time, the amount of income received by a consumer depends upon 
the amount of time allocated to work. The more one works, the greater is one’s 
income. Yet the more one works, the less is one’s leisure time. Leisure has utility 
to most people; therefore, each consumer is confronted with a fundamental 
trade-off between the consumption of goods and services and the consumpticn of 
leisure. This section analyzes this trade-off in some very simple cases. 


The Income-Leisure Graph 
46.a 


Consider Figure 4.6.1. Income is plotted on the vertical axis, and leisure on the 
horizontal axis in the rightward direction. The unit of time in which leisure is 
measured is not relevant — it may be hours per day, weeks per year, or any other 
measurement unit. The essential point is that the total amount of time is fixed 
(say, 24 hours per day); and the sum of work time and leisure time must equal 
this fixed total time. Thus work time may be measured in a leftward direction 
along the horizontal axis. In Figure 4.6.1, OZ is the total time available, If OC 
hours per day are taken as leisure, then CZ hours are spent at work. 

Now make two simplifying assumptions. First, assume the individual may 
work as many hours per day as he or she desires.” Second, assume the income 
per hour is the same irrespective of the number of hours worked. Thus, if the 
individual works CZ hours per day and receives income of CE = OG, the hour- 
ly wage is CE/CZ. But since CEZ and OAZ are similar triangles, CE/CZ = 
OA/OZ. Thus the slope of the straight line ZA represents the hourly wage rate. 


Exercise: Suppose an individual works CZ hours per day and receives 
income CF. Show that the slope of ZB represents the hourly wage rate. 


N pene between Income and Leisure 


Since income (or consumption) and leisure are alternative sources of utility, the 
consumer’s preference pattern between them may be represented by an indiffer- 
ence map such as that shown in Figure 4.6.2." The indifference curves have all 
the properties of the usual indifference curves (Chapter 2). Thus the consumer is 


PRecall that the unit of measurement of time is irrelevant. For the sake of brevity, we speak of 
hours per day. Any other time measurement may be substituted. 

This is not an unrealistic assumption — individuals can find part-time employment and they also 
can hold more than one job by “moonlighting” and other means. In a problem at the end of the chapter, 
we ask the reader to analyze the effect of restrictions on the number of hours that can be spent 
working. 

"ZA is a straight line because we have assumed that the hourly wage is constant. 

er E EE Baoa X 0l Y We aliemitive sources of wiility and that here 
must be a trade-off between them. 
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Figure 4.6.2 Trade-off between income and leisure 
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indifferent between OA hours of leisure and income OD, and OB hours of leisure 
and income OC. Of course, the higher the indifference curve, the greater is 
utility. For example, suppose. that OA hours of leisure are taken. Then the 
consumer gains greater utility if income is OE than if it is OD. 

Let us now put Figures 4.6.1 and 4.6.2 together, as shown in Figure 4.6.3. 
In the customary manner, we may determine the point of utility maximization 
(consumer equilibrium). The marginal rate of substitution is given by the (nega- 
tive of the) slope of the indifference curve. The “price ratio” is given by the 
(negative of the) slope of ZA. Equilibrium is attained at point E on Il, with CZ 
hours of work and income OB. Indifference curve III cannot be attained at the 
given wage rate. Any curve lower than II will result in less utility since there is 
a possible trade-off that will make the consumer-worker better off, 


The Supply of Labor 
4.6.c 


It is now a simple matter to derive the supply of labor. Recall that demand curves 
are traced out by rotating the budget line to obtain the amount demanded at each 
price. Suppose that the wage rate rises. This implies that the budget line rotates 
clockwise around Z in Panel A of Figure 4.6.4, 

When the wage rate is given by (minus) the slope of the line ZX, the individual 
chooses point R, demanding Lo of leisure. When the wage rises to (minus) the 
slope given by line ZX’, the individual chooses point $ demanding L, of leisure. 
‘Those points are plotted in Panel B of Figure 4.6.4. If the process is repeated for 
all possible wage rates then the demand curve for leisure, DD’, is traced out. 
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Now, Hours worked = 24 — Leisure so that once leisure is known, it is trivial 
to derive the hours of work. This is done in Panel C of Figure 4.6.4. When leisure 
equals 24, labor equals 0. When leisure equals Lo, labor equals 24 — Lo, and so 
forth. Note that the labor supply curve, DE, is the reflection of the leisure demand 
curve, D'D around the vertical line at leisure = 24 or labor = 0. 


Exercise: Show that if the price~consumption curve in leisure and all other 
goods (Figure 4.6.4, Panel A) is positively sloped then the supply of labor is 
negatively sloped. Does this make any intuitive sense? 


Overtime Rates 

6. 
It is now customary that union-management contracts require extra pay for 
“overtime” work. In the situation represented by Figure 4.6.5, overtime is any 
work in excess of CZ hours per day. Further assume that the overtime wage is 
half again as great as the “straight-time” wage. Thus the slope of ZA represents 
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the regular wage and the slope of ZFB represents the straight-time and overtime 
wage (where CZ hours of work is straight time). Finally, assume that the worker 
can choose the amount of overtime to be worked, if any. 

It is clear from Figure 4.6.5 that the result of overtime pay for any individual 
is uncertain. A person with an indifference map represented by I will clearly 
choose to work overtime, while an individual with an indifference map repre- 
sented by I” will never voluntarily work overtime. An intermediate case is 
illustrated by the indifference curve I’. Such an individual is indifferent between 
working KZ hours for KE income or working MZ hours for MG income. 

Suppose, however, that a worker chose to work CZ hours per day (consume 
OC of leisure) when offered only a straight-time wage as shown by ZA in 
Figure 4.6.6. This implies that there must be a tangency of an indifference curve 
to ZA at F(otherwise the worker would not demand OC of leisure). Now, offer 
him overtime after he works CZ hours. This gives him budget line ZFB. It is 
obvious from the diagram that the new optimum must lie to the left of F, so that 
the demand for leisure falls. In this case, it falls to OD, resulting from the choice 
of E. Thus, more hours are worked. 

Why is it necessarily the case that workers who choose to supply X hours of 
labor with a straight-time wage will always supply more hours when they are 
offered overtime? The reason can be given in terms of income and substitution 
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effects. At point F, the offer of overtime makes leisure more expensive, inducing 
a substitution away from leisure. The income effect works in the opposite direc- 
tion because the option to work overtime makes the individual richer. But the 
| income effect does not take hold until he supplies some overtime hours. That is, 
| if the worker supplied only CZ hours, he is no richer than he is when overtime 
j is not offered. Therefore, there is no income effect pushing against the substi- 
| tution effect until more than CZ hours of labor are supplied. At F only the 
| substitution effect is relevant, so fewer hours of leisure are demanded and more 
| hours of labor are supplied. If overtime were paid before 24—-0OC hours were 


worked, it would not necessarily be the case that hours would increase. Then the 
kink would lie on the FZ segment and a tangency with the highest indifference 
curve could result to the right of C. 


| Demang for General Assistance Payments” 
.6.e 


Among many of the social welfare programs that have been proposed for adop- 
tion by the federal government is one that would provide a minimum annual 
income per family. This program has not yet been adopted; nonetheless we may 
analyze some potential economic consequences of it: 

Refer to Figure 4.6.7. Suppose the wage rate is represented by the slope of ZA. 
In the absence of a guaranteed minimum income, an individual whose indiffer- 
ence map is given by I, II would attain equilibrium at B, working CZ hours and 


"For a much more detailed discussion, see C. T. Brehm and T.R. Saving, “The Demand for 
General Assistance Payments,” American Economic Review 54 (1964). pp. 1002-18 
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receiving income OY. If 2 minimum income of O¥ pi, is guaranteed by the 
governnient, this individuai might still work CZ hours, earn income of OY), and 
receive supplementary payment from the government of BD = O¥ nin — OY. In 
this case, however, the individual can attain a greater level of satisfaction by 
doing no work at all—- by inoving to point E on indifference curve Ii and 
receiving the minimum: guaranteed income from the government. 

Frum the point Æ the individual can be induced to work. In terms of 
Figure 4.6.7, if the wage rate should rise to ZF (or higher), the worker would 
forgo the government payment, work GZ hours, and receive income of OY,. 
From this example it is clear that a guaranteed minimum income can never lead 
to an increase im labor time. When ali individuals in the society are considered, 
it will also surety lead to a reduction in lator time (and, consequently, in national 
output). The exact result, however, depends upon the leisure—income preferences 
of individuals, the level of the minimum income, and the wage rate available to 
each individual in question." 


Exercise: Suppose an individuai does not like to receive welfare payments. 
More specifically, assume that the perso regards $1 in weltare payments as 
equivalent to $0.50 of earned income. Analyze the effects cf a guaranteed 
minimum income under these circumstances. 


“This ignores any effect that financing the government assistance Payments may have oa the 
ameunt of labor supplied. 
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Exercise: There has recently been some policy discussion of a negative y 
income tax. Under this scheme, a base income would be stipulated. A person 
earning more than the base income would pay a positive tax proportional to 
the difference between his or her earned income and.the base income; one 
earning less than the base income would receive a subsidy proportional to the 
ditference between the base income and his or her earned income. Suppose 
the factor of proportionality is 50 percent. (a) Analyze this welfare program by 
means of a graph such as Figure 4.6.7, and (b) compare the results of a 
negative income tax with the results of a guaranteed minimum income. 


TIME PREFERENCE— CONSUMPTION AND SAVING OVER THE LIFE CYCLE 


In the previous section, we investigated how a person might allocate time be- 
tween work (earning income) and leisure. A related question concerns how an 
individual might decide between present and future consumption. Suppose we 
think of a person’s life as being divided into two periods (for example, working 
years and retirement years) and that the individual receives income of v; in the 
first period and income of y in the second period.'° 

By either borrowing or lending at a given interest rate, r, an individual can 
transfer current income into future income or future income into current income. 
For example, if y, = $100 and y, = $50, and the interest rate is 10 percent, the 
individual can lend (save) the current $100 of income and have a total wealth in 
period 2 of $160 (= 100[1.10] + 50) or the person can borrow against the 
collateral of future income and have $145.45 in period 1. In this Jast calculation, 
we use the fact that the $45.45 the individual borrows in period 1 accrues interest 
of $4.55 (at 10 percent) so the $50 income in period 2 is just enough to pay back 
the principal of $45.45 plus the accrued interest of $4.55. Algebraically, the 
individual’s period 1 wealth (or the maximum possible income in period 1) is 


yi ST Lats 


By either borrowing cr lending, the individual can have as much as $160 to 
consume in period 2 {and nothing in period 1) or as much as $145.45 in period 
1 (and nothing in period 2) or any linear combination of these extremes. The 
relationship between first and second period consumption is given by 


2 = y2 + (vi — el +r) (4.7.1) 
or 7 

C2. = yo t (1+ 7) -al +r) (4.7.2) 
where c, can have any value between 0 and y, + y2/(1 + r). Equation (4.7.2) is 
the budget line betweén present and future consumption that is determined by the 


'SThis analysis easily can be extended to more than two periods. 
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interest rate and the income in each of the two periods. As we have already seen, 
the individual moves along this budget line by either borrowing or lending 
(saving). If yy — c, is positive, then it represents the amount of saving the 
individual does in period 1 and (y, — cı) (1 + r) is the principal plus interest on 
this saving that is available for period 2 consumption. If y, — c, is negative, it 
represents the amount the individual borrows in period 1 and (y, — ¢,) (1 + r) 
is the principal plus interest that must be paid back to the bank out of period 2 
income. 

` To find out how muck the individual actually will save (borrow) and consume, 
we introduce a utility function Y(c),¢2) representing the utility derived from 
consumption of c, in period | and c, in period 2. This utility function is repre- 
sented in Figure 4.7.1 by indifference curves of the now familiar form. The 
budget line, BD, in Figure 4.7.1 is the linear equation (4.7.2) which has slope 
—(1 + r). As shown, the individual has income of y, in period 1 and y, in period 
2. The person consumes OC in period 1 and saves Cy, (= Oy, — OC). In period 
2, the individual has income of y, plus the amount Ay, (= Cy,{1 + r]) and 
consumes OA.“ 

As can be inferred from Figure 4.7.1, the equilibrium condition is that the 
marginal rate of substitution between current and future consumption should 
equal (the negative of) the slope of the budget line which is | + r. The term 
1 + r is the relative price of period 2 dollars in terms of period 1 dollars (that 
is, a period | dollar will buy [by lending] 1 + r period 2 dollars). Thus, it is seen 
that interest rates act as prices at which income or assets can be transferred 
between different time periods. 


‘Exercise: What do OD and OB represent in Figure 4.7.1? 


To illustrate with a specific case, assume that the marginal rate of substitution 
is always given by c>/c)."’ The equilibrium condition is then 


Sie ltr (4.7.3) 
c 


Solving (4.7.3) for cz and substituting in (4.7.2), we obtain the equilibrium c;: 


fa 1 yz ) 
a= Hy + Tee (4.7.4) 


Equation (4.7.4) indicates that as income in either period increases, c, also 
increases and that as the interest rate r increases, cı decreases. The inverse 
relationship between the interest rate and c; in this example arises because a larger 
interest rate means savings in period 1 yield more consumption in period 2 than 


"Because we have restricted the analysis to only two periods in this example, no saving for future 
consumption occurs in the second period. 


"The utility function U(c),c:) = acı + B., where a and B are given parameters, has this 
marginal rate of substitution. i 
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before the increase, or, to use different language, the higher interest rate means 
it now costs more to transfer future income into current consumption. That is, the 
opportunity cost of consuming in period | goes up with the interest rate. 
An increase in interest rates has both a substitution effect and a wealth effect 
4 (similar to the income effect discussed in section 4,2). The wealth effect occurs 
because an increase in interest rates means future income is worth less in present 
value. The wealth effect can, in theory, lead to cases where interest rate increases 
result in decreases in current saving. { 


Exercise: By use of indifference curves, show that it is possible that an 
increase in interest rates can reduce current savings (increase c,). 


Exercise: When the marginal rate of substitution is given by c2/c;, what is the 
expression (corresponding to [4.7.4]) for c2? Show that in this case an increase 
in z will cause Cz to increase. Also jor this case, derive an expression for 
saving in period 1 and show that saving will decrease if y2 increases. 


MULTIPLE CONSTRAINTS— TIME AS AN ECONOMIC GOOD 

4.8 
Money income has been the only constraint on the consumer discussed so far. 
This is an important constraint that deserves emphasis, but there are other con- 
straints that can affect consumer behavior. For example, during periods of general 
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wage and price cOntrols, governments sometimes introduce point-rationing 
schemes. In such circumstances, a five-pound bag of sugar has both a money 
price and a ration-point price. Analytically, this means there are two budget 
constraints faced by the consumer—the money income constraint and the ration- 
point constraint. 

An analytically similar situation arises when it is recognized that consumption 
usually involves expenditures of time as well as money."* When you go to the 
theatre, take a vacation, or eat a meal, both physical (or money) resources and 
time resources are involved. To illustrate, suppose there are two goods, X and Y, 
with money prices p, and p,. Also suppose that the consumption of a unit of X 
takes z, units of time, while consumption of Y takes r, units of time. To analyze 
a problem like this, it is necessary to specify the total time available for con- 
sumption of X and Y. Actually, the total time a person has available for con- 
sumption is also an economic decision: by working less, more time is available 
for consumption activities. However, to start the analysis, we temporarily assume 
that the total amount of time for consumption of X and Y is a given amount T 
(specified in some convenient unit such as hours or minutes). Mathematically, the 
money income and budget constraints can be stated as: 


px + py SM (4.8.1) 
tx + hy ST (4.8.2) 
x20 
y 20. 


These inequalities together define the feasible region in the commodity space 
(that is, the subset from which the consumer can actually pick a consumption 
bundle). Figure 4.8.1 provides an example. In this figure, the line ABE is the 
familiar money income budget line. Bundles on and below this line satisfy the 
constraint (4.8.1). The line DBC represents the “time budget” line — points on 
and below DBC satisfy the constraint (4.8.2). If the individual consumed only 
good Y, the maximum possible consumption consistent with the amount of time 
available would be %, (= OD). Similarly, given the time constraint, the maxi- 
mum amount of X that would be consumed would be %, (= OC). The bundle F 
(with x, units of X and y; units of Y) is consistent with the income constraint but 
violates the time constraint (4.8.2) because it is above DBC. Indeed, any bundle 
in the triangle ABD (except for points on DB) is not available to the consumer 
because such bundles violate the time constraint. Similarly, bundles in the tri- 
angle BCE are not attainable (except for those on the line BE), because they 
violate the money income constraint (4.8.1). Bundle G (with x, units of X and 
yı units of Y) is available to the consumer since it satisfies both the money and 
time budget constraints. It should now be clear that the set of bundles that are 
consistent with both (4.8.1) and (4.8.2) is represented by the area on and below 


3 "SA more elaborate development containing numerous interesting empirical insights may be found 
in Gary Becker, “A Theory of the Allocation of Time,” Economic Journal, 75 (1965). pp. 493-517. 
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the kinked line DBE (and bounded by the horizontal and vertical axes, since 
x = Qand y = 0 are also constraints). Thus, the set of bundles available to the 
consumer is given by the area enclosed by the irregular polygon ODBE (including 
its boundaries). Along the segment DB, time is the binding constraint ((4.8.2] is 
satisfied as an equality); and along the segment BE, money income is the binding 
constraint ({4.8.1] is satisfied as an equality). 

Figure 4.8.2 shows the different equilibria that can arise. (In this figure, the 
segments AB and BC are eliminated for ciarity, thus leaving only the boundary 
DBE of the feasible region.) In Panel A of Figure 4.8.2, the maximum utility that 
can be achieved consistent with the time and money income constraints is given 
by indifference curve I. This occurs at point B, the “kink” in DBE, indicating 
that both time and money are binding constraints. In Panei B, the equilibrium 
(point V) occurs along the segment DB, where the time constraint is binding but 
the money constraint is superfluous. In Panel C, the consumer is in equilibrium 
at point R along the segment BE, where money income is a binding constraint 
but the time constraint is superfluous. 

The equilibria indicated in Panel B and Panel C do not make much sense in 
the broader problem where T is not treated as a given constant.” After all, money 
income and time are generally convertible: one can work more (overtime and 
moonlighting) or cne can work less (part-time jobs), thereby trading money for 
time. Under these conditions, there never will be a superfluous constraint. To see 


~ PIF we interpret these diagrams as representing money income and ration-point (rather than time) 
constraints, the equilibria in Panels B and C do make sense, because it is usually illegal to exchange 
money for ration stamps. 
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Figure 4.8.2 Various equilibria with time and money income constraints 


y y 


o E te) £ 
Panel A: Time and money binding Panel B: Time binding 


Panel C: Money income binding 


why, suppose that time is superfluous and' money income is a binding constraint 
as in Panel C. By working a little more, money income can be increased, This 
must benefit the consumer because the extra time spent working has no alterna- 
tive value (since time is superfluous at point R of Panel C), whereas the additional 
money income can provide more utility, Geometrically, this is equivalent to 
shifting DBE down a little in Figure 4.8.1 in order to shift up ABE. An upward 
shift of BE in Panel C of Figure 4.8.2 will allow the consumer to reach a higher 
indifference curve than II. Thus, when the consumer can freely adjust the number 
of hours worked so as to trade off time and money income, the final equilibrium 
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| Table 4.8.1 : 


Cost to A Cost to B 
$ 3+ 6($100} $ 3+ 6($5) 
Baseball game = $603 = $33 
$150 + .5($100) $150 + .5($5) 
Wine drinking = $200 = $152.50 


will be of the type shown in Panel A of Figure 4.8.2. A problem at the end of 
this chapter shows how the usual budget line is modified when these consid- 
erations are taken into account. 


Exercise: Explain how the consumer can improve the equilibrium in Panel B 
by adjusting the amount of time spent working. 


By using this approach we can understand why different consumers prefer 
different kinds of commodities. Once it is recognized that there are two compo- 
nents to the cost of a good, its price can be written as 


7, =P.tWly $ (4.8.3) 


where 77, is the good’s total price, p, is the price of purchasing the good, t, is the 
time spent consuming it, and w is the wage rate, i.e., the opportunity cost of 
time,” 

The point is best illustrated by an example. Consider two goods, going to a 
baseball game, X, and drinking a $150 bottle of wine, Y. Suppose there are two 
consumers, A and B, with wage rates w,=$100/hour and w,=$5/hour, re- 
spectively. A baseball ticket costs $3 and the game takes 6 hours door to door. 
Wine drinking requires 4 hour. Table 4.8.1 above shows the relevant prices. 

As B sees it, the total cost of wine drinking is much higher than the total cost 
of the baseball game ($152.50 > $33). As A sees it the reverse is true, with wine 
drinking being the bargain commodity ($200 < $603). It is no wonder that less 
wealthy individuals say they can’t afford fancy wine, but frequently attend 
baseball games. Similarly, rich people will say that they cannot afford the time 
to go to a baseball game, but may think little of spending $150 on a bottle of wine 


Exercise: Using a table like 4.8.1, explain why children spend more time 
playing Frisbee than adults, while adults spend more time at expensive ski 


resorts. 


Problem 10 asks for a derivation of this expression for price. 
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A RECENT APPROACH TO CONSUMER THEORY 
4.9 


The traditional approach to consumer theory teats goods as the direct source of 
utitity, In recent years some economisis have considered a ieformulation of 
consumer theory in which the characteristics or properties of goods, rather than 
the goods themselves, are the uitimate source of utility. Thus, a meal dues not 
provide utility directly but has characteristics, such as nutrition and aesthetic 
appeal, which do enter the utility function. Professor Kelvin Lancaster sum- 
marizes the essence of this appeal as follows:?! 


1. The good, per se, does not give utility to the consumer; it possesses 
characteristics and these characteristics give rise to utility, 

In generai, a good will possess more than one characteristic and many 
characteristics will be shared by more than one good. 

Goods in combination may possess characteristics different from those 
pertaining to goods separately. 


to 


ta 


In this book, we wil! not get involved in the details of this formulation of 
consumer theory, but it is worth noting that the tleory provides some insights that 
‘are not intrinsic to the traditional theory. For example, by identifying the charac- 
teristics of goods, the new theory can predict which goods will be close substi- 
tutes and which will not. The new iheory can also predict (at least in some cases) 
when an older product will be displaced from the market by new goods or by price 
changes.” These predictions of the new theory rest on the fairly strong assump- 
tion that goods possess muttiple characteristics in fixed proportions. 

The analytical techniques invoived ın this new theory are scmewhat similar to 
the case of multiple constraints discussed in section 4.8. Linear constraints are 
used to represent the transformation (or decomposition) of goods into their 
underlying characteristics. Thus, at least part of the anaiysis takes place ia 
“characteristics space” rather than the “goods space” that is used in the traditional 
analysis. Time constraints as well as money income constraints play a key role 
in the aew theory. 


yae a e 


© The total effect on quantity demanded of a change in a nominal price can 
be decomposed into a substituticn effect and an income effect. The 
substitution eftect by itself always results in an inverse relationship 


*The reader may wish .o consult Professor Lancaster's paper, “A New Approach to Consumer 
Theory,” Journal of Political Economy 74 (Aprii 1965), pp. 132-57, for more detail. Points 1 to 3 
in the text are quoted directly from Lancaster's paper. 


*This new theory has atiracted the interest of people involved ia practical marketing problems 
where new product introductions are often a critical concern. 
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between nominal price changes and changes in the quantity demanded. 
The income effect for a normel or superior good reinturces the substitution 
effect, so, for normal and superior goods (the most common cases 
empirically), the total effect will exhibit an inverse relation between price 
and quantity demanded. It the good has a negative income elasticity 
(inferior good), the income effect runs counter to the substiation effect. 


@ The cross-price elasticity between good X and good. Y is 


= Ag: . Apy 
S a Re 


x 


This cross-elasticity will be ncnzero if changes ia the price of Y affect the 
demand for X. If 7., is positive, the goods are called substitutes. If 7,, is 
negative, the goods are called complements. 


m Indifference curves can be useful analyticai devices in a variety of 


applications, including index number theory, work-leisure choices, 
overtime wage raies, social welfare programs, and consumption-saving ` 
decisions. In later chapicrs, other examples of indifference curve analysis 


will be seen. 


™ In some problems, there are additional constraints on consumer behavior 


beyond the usual money income constraint. As section 4.8 shows, it is not 
difficult to incorporate these additional constraints in the anaiysis, This 
provides additional impiications for patterns of consumer demand. 


QUESTIONS AND EXERCISES 


1. a. Suppose the price of apples increases 5 percent and the income elasticity for 
apples is 0.5. What will happen to the quantity of apples denianded? 
b. Suppose the price of flour increases by 1 percent and the income elasticity for 
flour is —0.36. What will happen to the quantity of flour demanded? 

2. It has been observed that the amount of services of domestic servants consumed 
in che United States declined in the first half of the 20th century while per capita 
income was increasing. Does this mean that domestic servants are an inferior 
good? 

3. The following table lists three situations for an individual who consumes two 
goods X, and X2. The table lists the prices of the goods p, and pz, the quantities 
consumed of the goods, the consurner’s nominal income M, and her utility level. 


ee SS 
Quantity 
Situation Pi Pa ot X, of Xz M Utility 
1 $1 $1 50 40 30 10 
2 1 Ye 48 84 90 15 
3 1 Ye 40 70 78 10 
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a. When the price of good 2 drops from $1 to $12, what is the change in the 
quantity demanded of X2 when nominal income is constant at $90? What part 
of this change is due to the substitution effect and what part is due to the 
income effect? Is X, a normal or superior good or is it an inferior good? 

b. Fill in the blanks in the following table and answer the questions in part (a) 


for this table. 

Situation Pi PR. AX of Xz M Utility 
1 $1 $1 50 — 70 10 
2 1 ve 52 — 70 15 
3 1 % an 36 60 10 


4. Is it possible for all goods to be inferior goods? (Savings or cash balances are 
assumed to be goods.) 

5. Mr. Jones spends a!l his income on two goods, X, and X3. The prices of these 
goods, pı and pz, and the quantity Mr. Jones consumed of each are shown in the 
following table for three separate years: 


Quan 
Year Pi Pz of X, of X, 
1 $6 $3 10 50 
2 4 4 220 30 
3 4 3 24 28 


n aea 


a. What are the Laspeyre and Paasche indexes between years i and 2, between 
years 2 and 3, and between years 1 and 3? 

h. Is Mr. Jones better off in year | or year 2? Is he better off in year? or year 3? 
Is he better off in year 1 or year 3? 

6. Is is true that if two goods are substitutes, a fall in the price of one will lead to a 
fall in the price of the other? Does it matter whether the initial decline in price is 
demand-led or supply-led? 

7. Suppose that upon graduation from college a person has the option of taking a job 
paying $10,000 per year or burrowing money to go through medical school. Why 
would anyone become a medical doctor? 

8. Suppose Miss Smith, who is 22 years old, learns that she has received an 

inheritance that will pay her $100,000 on her 35th birthday. Using indifference 

curve analysis, explain what happens to her current consumption behavior. 

a. Jeffrey, who is five years old, likes candy and hates spinach. He is allowed 
two candy bars a day, but his mother offers to give him one additional candy 
bar for every two ounces Of spinach he”eats each day. On these terms, Jeffrey 
eats three ounces of spinach and 3/2 candy bars each day. Using indifference 
curves, analyze Jeffrey’s equilibrium consumption of candy bars and spinach. 

b. Suppose Jeffrey's mother did not give him his two “free” candy bars each day 
but offered a candy bar for each two ounces of spinach. Would his spinach 
consumption be greater or smaller than in part (a)? 


bd 
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10. Suppose money income M is given by M = My + w(24 — T), where Ma is daity 
income from sources other than employment (and may be zero) and w is the 
hourly wage rate. The total hours at work during each 24-hour day will be 
(24 — T), where T is the time. in hours, spent in consumption activities. Refer to 
the problem of section 4.8 and show aigebraically (or give an economic 
argument) that, when T can be varied the relevant budget- constraint for the 
consumer will be 


(P: + wie + (py + why = Mo + 24w, 


a. Show that this is the same as the usual money. income constraint when ft, = 0 
and ft, = 9. 

b. What is the economic interpretation of (p, + wr.) and (p, + wt,)? 

«e. Hew would this constraint be affected if overtime rates are paid for any work 

` over eight hours per day? 

Il. Is the following empirical statement evidence of worker irrationality: 
“When a firm raises the straight-time wage of its workers, fewer hours of labor 
are supplied. But paying an overtime premium, which ends up costing less per 
hour worked, never fails to induce workers to supply the additional hours.” 

12 The number of people who travel by train rather than plane has fallen 
dramatically over time. Explain why. 
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CHAPTER 


5 Characteristics of Market Demand 


Will an increase in bus (and subway) fares increase or decrease total 
expenditures on these forms of transportution? The answer depends on the 
price elasticity of demand for bus and subway travel. In discussing the market 
demand curve in more detail, this chapter reexumines several influences on 
this curve. What is the price elasticity of demand, and whet determines its 
size? What is the income elasticity of demand? The cross-price elasticity of 
demand? How do total expenditure changes depend on the price elasticity of 
demand? This last question is dealt with in detail in the “Applying the 
Theory” section of this chapter and the answer applies to the opening question 
here. Finally, this chapter discusses the marginal revenue schedule and how it 
differs trom the market demand curve and describes the relevant demand 
curve facing a pertectly competitive seller, M 
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Fare Rise Hit Buses Harder Than Subway, M.T.A. Says 


By Edward C. Burks 

Public buses lost one eighth of their 
passengers — far more than the subways—- 
during the firsi Tull month cf the new 
50-cent fare compared with the same 
period in 1974. the Metropclitan Trans- 
portation Authoriiy disclosed yesterday. 

Comparing September 1975 and Sep- 
tember 1974, the M.T.A. reported these 
changes on its transit and commuter 
facilities: 

— Bus ridership declined 12.7 percent 
to 46.2 million from 53 million, ar aver- 
age daily loss of 225,000 riders. 

~— Subway ridership declined 5.2 per- 
cent to 79.3 million from 83.65 million, an 
average daily loss cf 144,000 riders: 

—The Long Island Rail Road, which 
had a 23 percent tare increase Septem- 
ber 1, held its own in ridership, in fact had 
a tiny gain; but the Penn Central Harlem 
snd Hudson Lines, with 25 percent fare 
increases September i, had a 3.9 percent 
decline to 1.73 million riders from 
1.8 million. 


No Official Explanation 


There was no official explanation of the 
falloff in bus ridership. Unofficialiy, how- 
ever, M.T.A. people noted that there is a 
“greater element of discretion” in whether 
to take the bus. The bus passenger usually 
takes a much shorter ride than the sub- 
way rider and may elect to walk in good 
weather. Another theory was that subway 
ridership, after a steady decline for years, 
had almost “bottomed out” and most riders 
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were using it to go te work or because 
they had to. - 

In raising the fare on September 1, the 
M.T.A. had sought to soften the blow with 
numerous bus-to-bus transfers for an extra 
25 cents. That system saves many tus rid- 
ers from paying double fares. Yet the rid- 
ership count plummeted. 


Revenue Up 33.5 Per Cent 


The increase in the transit fare from 35° 
to 50 cents produced a 33.5 percent gain in 
subway revenue in September compared 
with a year ago ($38.3-million compared 
with $28.7-million); and an 18.4 percent 
increase in bus revenue ($20. 1-million 
compared with $17-million). 

The M.T.A. also reported that Long 
Island Rail Road revenue was 16.3 per- 
cent higher in September 1975 than the 
year before while ridership increased from 
5,068,000 to 5,070,000. 

The declines in the iransit ridership fig- 
ures are all the more drastic when the com- 
parison is between September, the first full 
month of the new fare, and June, the last 
previous 30-day month. 

Subway ridership was 90.6 million in 
Jure, only 79.3 million in September, and 
the decline amounted to 373,009 fewer 
daily passengers on the average. 

Bus ridership (both Transit Authority 
and Manhattan and Bronx Surface Transit 
Operating Authority) was 63.96 million 
in June, only 46.2 million in September. 


(continued on page 128) 
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“APPLYING THE THEORY 


(continued from page 127) 
The decline amounted to 590,000 fewer 
daily riders. 


Questions 


1. Is the demand for bus transportation 
price elastic or price inelastic over the 
price range in the article? How do 
you know? 

2. From the information in this article, 
how would you actually come up with 
a number for the price elasticity of 
demand “for bus transportation” when 
the price rose from 35¢ to 50¢? Why is 
such a number somewhat “arbitrary”? 


the long run compared to the shorter 
rur? Why? 


Solutions 


K 


When the price rose from 35¢ to 50¢, 
total revenue increased. This 
information implies that the price 
elasticity of bus transportation must be 
inelastic, or less than one, over this 
range. The quantity reduction must 
have been less than the price increase, 
in percentage terms, 

Using the formula in the text for price 
elasticity (5.2.1) 


3. Why do you think the price elasticity a / An 
of demand for buses differs: from that TER: 
for subways? Which is greater? Are nE 462-53 AAS: E 
both greater than one? Explain. a (1/2)(46.2 + 53)/ (1/2)(50 + 35) 
4.~ Do you think the elasticity (with _ 13.7 percent _ 


respect to price) will be greater in BA percent TNR 


d S 
an a) 


Theʻanalysiš in Part 1 has firmly established the proposition that individual 
demand curves slope downward to the right— that quantity demanded varies 
inversely with price. The only exception is a truly insignificant one, the Giffen 
Paradox. But even if a few individuals are in a situation such that the Giffen | 
Paradox applies, it is doubtful that the market demand curve would show the 
same properties. 

This chapter considers in more detail some of the concepts introduced in 
Chapter 1. In addition, it introduces a number of new ideas, which are important 


for the description of behavior of markets that operate with different degrees of ! 
competitiveness. 
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For the calculation of change in q, the 
values are taken from September 1974 
to September 1975. Note that the 
calculation above uses the “average” Q 
and “average” P for q and p in the 
formula given in the text. Since the 
value of q and p isn’t precisely 
defined, the value of the price elasticity 
of demand is somewhat “arbitrary.” 
The main reason cited in this chapter is 
the availability of substitutes. 
Presumably, there are fewer 
“substitutes” for subways. The article 
itself refers to the “greater element of 
discretion” in whether to take the 
bus—the much shorter ride, etc. To an 
economist, this says that there are 
fewer substitutes for subway travel. 
The greater the availability of 


substitutes, the greater the price 
elasticity of demand. Thus, this 
elasticity is greater for buses than 
subways, but both are less than one. 
(Why? Because total revenue (TR) 
increased for both when fares rose.) 

4. Yes. Since it takes time to find 
substitutes, the price elasticity is 
greater in the long run than in short 
tun. For example, some people might 
decide to purchase bikes in the longer 
run, or form carpools. They may not 
be able to do so in a short period of 
time, but may be able to do so in a 
longer period of time. 


Source: New York Times, . © 1975 The New York 
Times Company. Reprinted by permission. 


THE ELASTICITY OF DEMAND 


5.2 


The concept and computation of demand elasticities are familiar already; indeed, 
the measure of price cross-elasticity has been discussed in some «detail in 
Chapter 4. However, the various demand elasticities are so important — on both 
the theoretical and the empirical level— that they are all discussed in this section. 


Price Elasticity of Demand 


5.2.a 


As noted above, the quantity of a commodity demanded depends upon its price. 
It is of interest to measure the relative change in quantity demanded resulting 


Chapter 5 Characteristics of Market Demand 


129 


130 


from a given proportional change in price. This measure is called the price 
elasticity of demand. 


Price Elasticity of Demand: The price elasticity of demand is the relative 
responsiveness of quantity demanded to changes in commodity price; in other 
words, price elasticity is the proportional change in quantity demanded divided 
by the proportional change in price. 


Because quantity demanded and price vary inversely, a positive change in 
price will be accompanied by a negative change in quantity demanded. Thus, in 
order to make the coefficient of price elasticity positive, a “minus” sign is 
introduced into the formula:' 


ou ME RO p 
q Pp ap q` 
Equation (5.2.1) gives the formula for what is called “point” price elasticity 
of demand. This means that the coefficient computed is valid for very small 
movements only. 
As an example, suppose we have the following information: 


Nex = (5.2.1) 


Quantity 
Price demanded 
$29.001 (p,) 2,999 (q;) 
29.000 (p2) 3,000 (q2) 


Obviously, Ap = —$0.001 and Ag = +1. In the formula for point elasticity, 
one must also use p and q; but a question could arise: should one use p, and q; 
or pz and q2? For very small changes such as these, it is immaterial —either may 
be used, so the point elasticity formula is applicable. This may be seen from the 
following calculations: 


Agp: +1 29.001 
= -2 —— = +9. 
1” Dig |... 0 002009... N 


‘Let the demand curve for commodity i be 
“Qe = f (PoPa -> Pm 1) 
where q, is the quantjty demanded, p; is the price of the j* commodity, / is income, and we assume 
there are n commodities. By definition, the direct, or “own,” price elasticity of demand is 
OED selon a: 
apg. A logp, 
where log denotes logarithms to the base e. 


n= 
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Sag p= +1 29-000" 

ie 0.001 3,000 +9.66667. 
The difference in the two computed elasticities is very small, only 0.00355 in a 
magnitude exceeding 9. 

Of course, the demand curve is a function and there is no reason to expect that 
the elasticity at one point is the same as the elasticity at another. As already 
discussed in Chapter 1, elasticity of demand need not be constant across con- 
sumer types. Nor must it be constant for the same consumer at different points 
on his or. her demand curve. Consider Figure 5.2.1. 

Suppose that D, is Mr. Smith’s demand for shirts when his income is $30,000 
per year. If he were to receive an inheritance that brought his income level to 
$50,000 per year, then his demand would shift to D}. Suppose that by coin- 
cidence, D, is parallel to D, and that D, and D; are linear. Then the slope is the 
same at every point on D, and Dz. The elasticity of demand at A, B, and C are 
all different, even though the slopes are the same at all of those points. 

The reason is that elasticity is not slope, but includes also the ratio of price to 
quantity. In fact equation (5.2.1) can be rewritten as? 


| ee a ee 2) 
om lear demand = (z : (5.2.2) 


Although the slope is the same at A, B, and C, so that —1/slope is the same 
at all these points, p/q is different. First, note that in comparing C to A, the price 
is lower and the quantity higher at C than at A. Therefore, the elasticity of 
demand is higher at A than at C. Second, note that price is the same, but quantity 
is greater at B than at A. Therefore, the elasticity of demand is higher at A than 
at B. What of B relative to C? The quantity is the same, but the price is higher 
at B than at C. Therefore, the elasticity of demand is higher at B than at C. 

This result is not surprising when it is remembered that elasticity refers to 
percentage rather than absolute change. A given absolute change implies different 
percentage amounts if the base levels are different. To understand this, consider 
two extreme cases, as shown in Figure 5.2.2. 

The elasticity at point A is infinite, because the smallest reduction in price 
implies that quantity demanded increases from zero to some positive amount. 
Because the previously demanded quantity was zero, the increase is infinite in 
percentage terms. Conversely, at point B, any increase in price from zero to a 


n 


"In reality, demand curves are drawn as “inverse” demand curves. If one understands the slope 
of the demand curve io be Ag/Ap, then (5.2.2) becomes 
Nx = (—Slope of demand) (p/q). 
It is only because p is on the vertical axis and slope is Ap/Aq that it is necessary to think in terms 
of (—1/slope). In any event there is no ambiguity if we write 


Nx = (Aq/Ap) - (p/a). 
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Figure 5.2.1 Elasticities at various points 


Price 
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Figure 5.2.2 Elasticities of zero and infinity 
p 


Price 


[0] B 
Quantity 


Quantity demanded 


positive number is an infinite percent increase because the price was previously 
zero. Therefore, any finite change in quantity associated with this infinite change 
in price implies that elasticity must be zero at this point. 


` Coefficient of Price Elasticity 
5.2.b 


Demand is classified as price elastic, of unitary price elasticity, or as price 
inelastic, depending upon the value of 7. If 7 > 1, demand is said to be 
elastic —a given percentage change in price will result in a greater percentage 
change in quantity demanded. Thus small price changes will result in much more 
significant changes in quantity demanded. 

When 7 = 1, demand has unit elasticity, meaning that the percentage changes 
in price and quantity demanded are precisely the same. Finally, if 7 < 1, de- 
mand is inelastic. A given percentage change in price results in a smaller per- 
centage change in quantity demanded. 


Elastic, Inelastic, and Unitary Elasticity: Commodity demand is elastic or 
inelastic accordingly as the coefficient of price elasticity is greater than or less 
than unity. If the coefficient is exactly one, demand is said to have unitary price 
elasticity. 


Elasticity and Total Revenue 
5.2.c 


The relation of price elasticity to one is important for another reason. The total 
amount spent on a good varies directly with the change in price when elasticity 
is less than one, and inversely with the price when elasticity is greater than one. 
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The intuition behind this result is straightforward: A price increase means that 
more is spent on each good purchased, which tends to increase the amount spent. 
Offsetting this is the fact that fewer goods are purchased at the higher price. If 
the price effect outweighs the quantity effect, then total expenditure rises. If the 
quantity effect outweighs the price effect, then total expenditure falls. 

Elasticity is a measure of the relative strengths of the two effects. If the 
elasticity of demand is less than 1, then a 1 percent increase in price induces less 
than a 1 percent decrease in quantity demanded. Thus, the price effect swamps 
the quantity effect, and expenditure rises. But when elasticity exceeds one, a 
small increase in price induces a larger decrease in quantity, so the quantity effect 
dominates and revenue falls.’ (See the solution to question 4 from the Moonshine 
news article on p: 9 in Chapter 1. This relationship is also seen in the “Applying 
the Theory” section of this chapter.) 


Fortore Affecting Price Elasticity 


Whether demand is elastic or inelastic is an important consideration, especially 
for government policy in individual commodity markets, For example, suppose 
the demand for wheat were highly price elastic. An increase in the price of wheat 
would accordingly result in a proportionately greater reduction in quantity de- 
manded. Total dollar expenditures on wheat would decline. Now suppose the 
government establishes a minimum wheat price above the market equilibrium 
price. Wheat sales would be reduced, and so too would farmers’ incomes, unless 
the price support were accompanied by a minimum-sales guarantee. 

This is but one example; a large book could be filled with similar ones. The 
policy importance of price elasticity has led to many statistical studies designed 
to estimate numerical values of price elasticity. Table 5.2.1 reproduces some of 
these estimates. ; 

As you see from the table, price elasticities range quite widely. The major 
factor that determines elasticity is the availability of substitute goods. This ex- 
plains the variations observed in Table 5.2.1. 

The more and better are the substitutes for a specific good the greater its price 
elasticity will tend to be. Goods with few and poor substitutes — food and fuel, 
for example —will always tend to have low price elasticities. Goods with many 
substitutes will have higher elasticities. 


Formally, this is seen as follows: 
Revenue = pq 
d(Revenue) ôq 
qH 
d(Price) op 


So the change in revenue has the same sign as the change in price when nu < | and has the opposite 
sign when na > 1. 
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Table 5.2.1 Estimated price elasticity of demand for selected broad commodities ~ 


Commodity Average reported elasticity 
Food —.253 
Clothing $ —.466 
Housing —.327 
Fuel —.249 
Tobacco/Alcohol —.489 
Transportation & Communication —.794 
Household durables -.627 


Source: These are averages compiled from a number of studies. The references are: 
Abbott and Ashenfelter WO) Barten and Sains (1975), Deaton (1975), Deaton 
and Muelbauer (1980, 1982), Lluch and Powell (1975), and Powell (1974). 


Price Cross-Elasticity of Demand 
5.2.e 


The measurement of price cross-elasticity of demand has been discussed in 
connection with the definition of substitute and complementary goods (Chapter 4, 
subsection 4.4.a). The definition is repeated at this point. 


Price Cross-Elasticity: The»price cross-elasticity of demand measures the 
relative responsiveness of quantity demanded of a given commodity to 
changes in the price of a related commodity: In other words, it is the 
proportional change in the quantity demanded of good X divided by the 
‘proportional change in.the price of good Y. 


Using this definition, the coefficient of price cross-elasticity of demand is 
defined as ‘ 


Ny = Ps SE (5.2.3) 


As you will recall, goods may be classified as substitutes or complements accord- 
ing as Ny 2 0. 

The interrelations of demand have been investigated in some statistical stud- 
ies. A few illustrative coefficients are presented in Table 5.2.2. 

Note that some goods have negative cross-elasticities with orie another (they 
are complements), whereas others have positive cross-elasticities (they are substi- 
tutes). Food and drink and tobacco appear to be close complements, whereas food 
and clothing are not closely related at all. Fuel and housing also exhibit a 
significant degree of complementarity. Clothing and drink and tobacco are substi- 
tutes, although not strongly so, 


Part One Demand, Supply, and Markets: An Introductory Look 


Cross-Elasticity 
Commodity with respect to price of Coefficient 
Food Drink and tobacco —.629 
Food Clothing +.022 
Clothing Drink and tobacco +215 
Fuel Drink and tobacco —.046 
Fuel $ Housing —.287 


Source: Deaton and Muelbauer (1982). 


E and Cross-Price Elasticities 


As might seem plausible, own-price and cross-price elasticities of demand are not 
totally independent of one another. For example, suppose that there were only 
two goods in an economy, X and Y. Suppose further that a consumer’s own-price 
elasticity for X was less than 1, say 1⁄2. Then, from the discussion in sub- 
section 5.2.c, itis clear that expenditure on X must rise when the price of X rises. 
But this implies that expenditure on Y must fall because neither the price of Y 
nor money income has changed. Thus, the cross elasticity of Y with the price of 
X is negative; as X’s price rises, the quantity of Y demanded falls. Thus, X and 
Y are complements. 

A converse argument holds when the own-price elasticity of demand for X is 
greater than 1. And this is as it should be: To,say that 7, > 1 is to say that-the 
demand for X is elastic, that is; that a price increase causes substantial substi- 
tution away from X. But if this is so, there must be other goods which are 
substitutable for X. In this case, the demand for Y moves with the price of X, 
implying that X and Y are substitutes. 

These relationships can be extended to economies with any number of goods, 
but the same logic applies: If the own-price elasticity exceeds one, then in some 
average sense, the other goods are substitutes for X. If the own-price elasticity 
is less than one, then in that same sense,'the other goods are complements. * 


“The formal derivation of this proposition follows: The budget constraint implies that 


T= pix; + pixi +., + Pwdn 
where / is income, x, the quantity consumed of good i, and P, the price of good i. Differentiating with 


respect to p, yields 
al ax, Ox, Oxy 
—=0= =p tat ot: 
api apit at Tiap at op ee 


(continued on page 136) 


Chapter 5 Characteristics of Market Demand i35 


ee ELASTICITY OF DEMAND 


The purchase of certain commodities are very sensitive to changes in nominal and 
real-money income. Thus it is sometimes desirable to relax the assumption that 

money income is held constant. In a simple case, the demand function can then è 
be written as 


q = fp. I), (5.3.1) 


where J is money income. Following the concepts of elasticity already devel- 4 
oped, the income elasticity of demand is given by the following. 


Income Elasticity of Demand: The income elasticity of demand is the 
relative responsiveness of quantity demanded to changes in income. In other 
words, it is the proportional change in quantity demanded divided by the 
proportional change in nominal income. 

Symbolically, 


on ee nih (5.3.2) 


Certain writers have suggested that commodities can be classified as 
“necessities” and: “luxuries” on the basis of income elasticity. If income elasticity 
WOT í is very low (certainly less than one), quantity demanded is not very responsive 


to changes in' income. Consumption remains about the same, irrespective of } 

income level. This suggests that the commodity in question is a necessity. On the | 

2i d j other hand, an income elasticity greater than one indicates that the commodity is i) 
j more or less a luxury. Indeed, certain empirical “laws of consumption” were } 

* developed inthe 19th century by the German statistician Christian Lorenz Ernst i 


Engel. According to Engel, the in¢ome elasticity of demand for food is very low; 


aba t (continued from page 135), 
H sio +) which can be rewritten as 
at a Tan, ta Oxy ne H oxy 
i io ddpioatksn enemi i apie 
or dividing by x, and multiplying and dividing, where necessary, by A : 
G 
ppt 22) 8 gf Ome pi) a pw 
x (ðP ma) pm (p Xv) Pr X 
ox, pı) E; 
Eia KENI ER joo 
Ni n(ž ap 
where 7; is the own-price elasticity of demand and E; is expenditure on good j. 
a. ? ha À * 
Note that = = 2j is the cross-elasticity of x; with price 1. Thus, a weighted sum of cross-price 
1X 


elasticities plus the own-price elasticity equals 1. So if 71 > 1, then the weighied sum of cross-price 
elasticities must be positive, implying that they are, on average, substitutes. Conversely, for m,; < 1. 
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Commodity Income elasticity 
Food 520 
Clothing ' 1.559 
Housing 535 
Fuel 1.400 
Tobacco and drink 1.149 
Transportation and communication 1.349 
Household durables 1,683 


Source: See Table 5.2.1. 


those for clothing and shelter are about unity; while recreation, medical care, and 
other luxury goods have income elasticities in excess of unity. Therefore, accord- 
ing to Engel, the percentage of income spent on food by a family or a nation is 
a very good index of welfare — the poorer a family or a nation, the larger the 
percentage of expenditure that must go for food. 

The latter generalization is somewhat crude; nonetheless, it does provide a 
rough measure of welfare. Some of Engel’s specific statements regarding income 
elasticity, however, presumably no longer hold, as may be seen from the selected 
estimates of income elasticity presented in Table 5.3.1: 

Although food and shelter:have the lowest income elasticities, clothing is 

Mm considerably above one. The good that is most luxurious in the set is “household 
durables,” which is not counter-intuitive. 

Despite some empirical deviations from Engel’s original statement, many 
modern studies continue to use his basic insight: These studies are quite important 
inthe context of government welfare programs. Many programs transfer income 
to families based on some standard of need. Since need is not easily defined, the 
Engel approach is often used as a guide. For example, a family of four living on 
income of $10,000 per year may be worse off than a family of five living on 
$12,500 per year even though income-per-person is the same. Under some cir- 
cumstances, the Engel method allows us to calculate comparable living allow- 
ances for families of different sizes. 


a a a SA A a 
MARGINAL REVENUE 
5.4 
Having developed the concept of market demand and of its price, cross, and 
‘income elasticities, our attention can be directed to à closely related concept: 
marginal revenue. 
Marginal revenue is important for.a number of reasons. It is crucial for the 
study of different market structures and to analyze how the structure influences 


prices and quantities. 
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Figure 5.4.1 . The measurement of total revenue 


D 


Price (dollars) 


o Q 
Quantity demanded 


The market demand curve shows for each specific price the quantity of the 
commodity that buyers will take. For example, consider Figure 5.4.1. At the 
price OP per unit, OQ units are demanded and sold. From the standpoint of 
sellers, OP X OQ, or price times sales, is the rotal revenue obtainable when a 
price of OP per unit is charged. Thus total revenue is the area of the rectangle 
OPRQ in Figure 5.4.1. 

Of perhaps greater importance than total revenue is the variation in total 
revenue incident to an expansion or contraction of sales. In the now familiar 
terminology of economics, this is called marginal revenue. 


Marginal Revenue: Marginal revenue is the change in total revenue 
attributable to a’one-unit change in output. Marginal revenue is calculated by 
dividing the change in total revenue by the change in output. Thus, marginal 
revenue MR is: 


where TR is total revenue. 
oe of Marginal Revenue 
4.8 


Consider carefully the definition of marginal revenue (MR); namely, the change 
in total revenue (TR) attributable to a one-unit change in output. For the first unit 
sold, total, average, and marginal revenue are identical; for a quantity sold of 
one, each is precisely equal to price. To expand sales to the rate of two units per 
period of time, price must be reduced. The marginal revenue of the second unit 
is equal to total revenue from the’sale of two units minus total revenue from the 
sale of one unit. 
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The marginal revenue function incorporates two effects. To expand the quan- 
tity sold, price must fall. (This is the essence of a downward sloping demand 
curve.) At first, the fall in price is more than offset by the increase in quantity. 
But eventually the fall in price is likely to dominate. 

Marginal revenue can be best understood by reference to Table 5.4.1: 


Table 5.4.1 Demand. total revenue, and marginal revi 


Total Margina! Sum of 

Price Quantity revenue revenue MR entries 
$11 0 $0 = bs 
10 1 10 $10 $10 
9 2 18 8 18 
8 3 24 6 24 
7 4 28 4 28 
6 5 30 2 30 
5 6 30 0 30 
4 7 28 rd 28 
3 8 24 -4 24 
2 9 18 -6 18 
1 10 10 -8 10 


The first two columns of this table contain price and quantity figures — the 
ingredients determining the demand curve (D) in Figure 5.4.2. The third column 
shows total revenue, the product of the corresponding entries in columns | and 2. 
The data in this column give rise to the TR curve in the figure. Column 4 contains 
the figures for marginal revenue calculated, according to the definition, as‘ 


MR, = ATR, = TR; ~ TRo, 
MR, = ATR, =. TR: — TR,, 


MR wy = ATR = TRo ~ TR; 


“The graph in Figure 5.4.2 contains a slight inaccuracy that may trouble the mathematically 

t trained student. The example upon which the graph is based contains discrete data. The TR curve is 
obtained by plotting the points and connecting them by straight-line segments. The D and MR curves 

are obtained in the same manner. But here is where the inconsistency enters: Over any range of values 

for which total revenue is linear, marginal revenue is constant; and when marginal revenue is constant, 

so too is the demand function. To be exactly correct, the D and MR curves should be drawn as 

step-decreasing functions rather than as continuous functions with continuous first derivatives. How- 

ever, the example is merely illustrative; and it seems better to illustrate a more general situation. To 

compensate some for this inconsistency, the values of MR are plotted at the midpoint of each interval. 
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Figure 5.4.2 Graph of hypothetical data in Table 54.1 


Total revenue (dollars) 


Quantity 


10 


a 


o 


Quantity demanded 


- Price and marginal revenue 


MR 


Note: In this figure marginal revenue is plotted at the 
midpoint of each interval on the quantity axis as 
explained in text footnote 5. 


The final column is a check calculation to show that the sum of marginal revenue 
figures equals the associated total revenue. Using the notation employed above: 
TR, = MR,, 


TR, = MR, + MR, 


TR, = MR, + MR, + ... + MRy. 


This relation enters in an important way in the following subsection. 
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The data for marginal revenue are plotted in Figure 5.4.2 as the curve labeled 
MR. This curve has two crucial features. First, at the “outset” marginal revenue 
equals demand or average revenue. In this discrete example, D = MR at quantity 
one and price $10. (There is a slight difference between D and MR at quantity 
one on Figure 5.4.2 because of the convention of plotting MR at the midpoint of 
each interval on the quantity axis.) In a continuous case, the two are equal when 
they are infinitesimally close to the vertical axis. Second, MR = 0 when total 
revenue is at its maximum. When marginal revenue is positive, total revenue 
increases; and when marginal revenue is negative, total revenue declines. Natu- 
rally enough, when the addition to total revenue is zero, total revenue must be 
at its maximum. This is when the price effect exactly balances the quantity effect. 


Hye eini of Marginal Revenue Determination 


When the demand curve is linear, it is easy to find the associated marginal 
revenue curve. For example, suppose the demand curve is represented by the 
expression 

p = 1000 — 3q. (5.4.1) 
This will mean that total revenue is 

TR = pq = 1000q = 3q°. 
Marginal revenue is the change in total revenue per unit change in q. For 
extremely small changes in q, the marginal revenue is the slope (or derivative) 
of the total revenue curve. Formally, 

MR = d(TR)/dq = 1000 — 6q. (5.4.2) 


Equation (5.4.2) gives marginal revenue as a function of q. Comparing it with 
(5.4.1), we see that it has the same intercept (1000) and a slope twice as large in 
absolute value (6 compared with 3). This will be true for any linear demand 
curve. In other words, if the demand curve‘ is represented by 


p=a-bqg ~ (5.4.3) 
where a and b are the intercept and slope, respectively, then 

TR = aq — bq? (5.4.4) 
and 

MR =a — 2bq. 


éActually (5.4.3) is the “inverse” demand curve of the linear demand curve 
Tep 


bb 
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In general, the marginal revenue curve is simply given by 
d d dp 
=— =— =pt+— 
MR(q) ae qP? Pole 


where dp/dq is the slope of the demand curve at the relevant point. Because 
demand curves are negatively sloped, marginal revenue is always lower than 
price. 


The Marginal Revenue Curve Lies below the Demand Curve 


In general, the marginal revenue curve lies below the demand curve. The reason 
is that to sell more units the price must be lowered, not just on the last unit, but 
on all prior units as well. Thus, the marginal revenue associated with selling the 
third unit derives from two factors: (a) the price that is obtained for the third unit 
and (b) the loss associated with charging a lower price on the two previous units. 
Since we are adding a loss —a negative number — to the price, marginal revenue 
is less than price. But for a given quantity, price measures the height of the 
demand curve. Since marginal revenue is less than price, the marginal revenue 
curve is below the demand curve. 


Elasticity and Marginal Revenues 


In subsection 5.2.c, we discussed the relation of elasticity to total revenue. 
Because total revenue and marginal revenue are related, there must also be a 
relationship between elasticity and marginal revenue. 

To review the important content of Figure 5.4.2, when total revenue rises, 
marginal revenue is positive; when total revenue declines, marginal revenue is 
negative; when total revenue is constant, marginal revenue is zero. Notice that 
marginal revenue is zero when total revenue is at its maximum point. On the basis 
of these relations, we are able to construct Table 5.4.2. 

The logic is this: When marginal revenue is positive, total revenue increases 
as we move down the demand curve. When a movement down the demand curve 
increases total revenue, elasticity must exceed one because the increased-quantity 
effect swamps the reduced-price effect. Thus, positive marginal revenue and 


Marginal Marginal Marginal 
revenue revenue revenue 


positive zero negative 
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price elasticity greater than one go hand in hand. Conversely, when movement 
down the demand curve reduces total revenue, elasticity must be less than one 
‘because the falling-price effect swamps the rising-quantity effect. Thus, negative 
marginal revenue corresponds to elasticity less than one.’ 


THE FIRM’S DEMAND CURVE 


In Chapter 1, we showed how individual consumers’ demand curves could be 
summed to get a market demand. But what of the demand curve that faces an 
individual firm? Generally, it is not true that each firm gets a certain number of 
consumers assigned to it. The firm may not choose price independent of other 
sellers in the economy. The market structure influences the demand curve faced 
by the individual firm. 


aa Curve for a Firm in Perfect Competition 
5.8 


All the relations thus far developed can be used to describe the demand curve 
facing an individual producer in a perfectly competitive market. 

Suppose that Panel A, Figure 5.5.1, depicts the equilibrium of a market in 
which there are.a large number of sellers, each of approximately the same size. 
DD’ and SS' are the market demand and market supply curves. Their intersection 
determines the equilibrium price OP and quantity demanded OQ. 

Let us now be more specific and stipulate that there are 25,000 sellers (say 
wheat farmers) of approximately the same size in the market. If any one seller 
increases output and sales by 100 percent, the total market sales will increase by 
only ¥50 of 1 percent. Such a change is both graphically and economically so 
small as to have an imperceptible influence on price. Thus each individual firm 
may assume with confidence that variations in its own output and sales will have 


7More formaily, the approach is analogous to that of footnote 3: 
Total revenue = pq 


d(pq) 


inal ue = 
Marginal revenue FF 


Thus, when 7 > 1, marginal revenue is positive, and when 7 < 1, marginal revenue is negative. 
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Figure 5.5.1 Derivation of demand for a perfectly competitive firm 


Price (dollars) 
Price (dollars) 


Quantity demanded Quantity demanded 


- Panel A: Market demand Panel B: Demand curve 
for perfect competitor 


a negligible effect upon market price. Concerted action by a large number of 
firms can influence market price; but one firm acting alone cannot. The individual 
firm may therefore assume that the demand curve facing it is a horizontal line at 
the level of price established by demand and supply equilibrium in the market. 

The demand curve for a perfectly competitive firm is shown in Panel B, 
Figure 5.5.1. The shape of the curve shows that the firm believes changes in its 
volume of output will have no perceptible effect upon market price. And if the 
firm is in fact in a perfectly competitive market, its belief is well-founded, A 
change in its rate of sales per period of time will change its total revenue, but it 
will not affect market price." 

The firm in a perfectly competitive market, therefore, dues not have to reduce 
its price in order to expand its rate of sales. Any number of units per period of 
time can be sold at the market equilibrium price. If the firm were to charge a 
higher price, it could sell nothing. A lower price would result in a needless loss 
of revenue. It thus charges the market price for whatever quantity it wishes to 
produce and sell. 

Since price remains constant, each additional unit sold increases total revenue 
by its (constant) price. In this special case, therefore, price and marginal revenue 
are equal at every level of sales. Therefore, the demand curve and the marginal 
revenue curve are identical for a firm in a perfectly competitive market. For this 
reason, the curve in Panel B is labeled D = MR. 


“The rationale used here to argue that each producer has no effect on market price is commonly 
employed for expository convenience. Under certain reasonable conditions, in a general equilibrium 
context, the absence of the individual producer's influence on market price is not simply a close 
approximation, it is literally true. The details of the argument can be found in E. Fama and A. Laffer, 
“The Number of Firms and Competition,” American Economic Review 63 (1972), pp. 670-74. 
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When the ean curve is horizontal, demand is said to be perfectly elastic, 
meaning that the coefficient of price elasticity increases without bound as the 
percentage change in price becomes smaller and smaller. Take a numerical 
example: Suppose the market equilibrium price is $5 and a particular firm is 
selling 1,000 units at that fg If it increased its price to $5.01, its sales would 
fall to zero. Thus ` 

A a ; 

Ag ZLO a 4p aL 

q 1,000- p 500 
The coefficient of price elasticity would be 


Aq. w APs 

z > =! oe = 300. 
If it increased the price te only $5.001, its sales would also fall to zero and n 
would be 5,000. Thus one generalizes by saying that for infinitesimally small 
price changes the coefficient of price elasticity approaches infinity under condi- 


tions of perfect competition. 
The results of this section may be summarized as follows: 


Relations: The demand for a firm in a perfectly competitive market is a 
horizontal line at the level of the market equilibrium price. The output decisions 
of the seller do not affect market price. In this case, the demand and marginal 
revenue curves are identical; demand is perfectly-elastic and the coefficient of 
price elasticity approaches infinity. 


This is not the same as dividing the market demand by the number of sellers 
to get each seller's individual demand. For example, if there are 100 sellers, and 
the market demand and supply are given by D and S in Figure 5.5.1, then the 
equilibrium price is 10 and the market quantity is 1000, This implies that each 
producer sells 10 items. It does not imply, however, that if one firm raised its 
price to 12, it would sell 5 items. In fact, it would sell zero so long as all other 
firms kept price at 10. That is the meaning of Figure 5.5.1. Only if the market 
equilibrium price rose to 12, say because the supply was shifted, would the firm 
sell 5. But then its demand would be perfectly elastic at the new price of 12. 


SYNOPSIS 
5.6 
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® There are four important determinants of demand. The price of the 
commodity determines the quantity demanded, given the level of the 
demand curve. Changes in price result in movements along the negatively 
sloped demand curve. Changes in money income result in an increase or 
upward shift in the entire demand curve if the good is normal or superior, 
and a decrease or downward shift if the good is inferior. Taste also 
determines demand in the sense of affecting where the demand curve lies 
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and what its shape will be. Taste reflects consumer preferences (the utility 
function) and sometimes can be accounted for by observable variables 
such as age, sex, weather conditions, educational level, and so on. 
Finally, prices of related commodities determine the level of demand. 
When the price of a complementary good rises, the demand curve will 
shift downward; and when the price of a substitute good rises, the demand 
curve will shift upward. 

Market demand is the horizontal summation of individual demand curves. 
The market demand curve shows total demand for the commodity by all 
consumers at each price. 

Price elasticity measures the responsiveness of demand to changes in the 
commodity’s price. The coefficient of price elasticity is given by 

Aq pp 

Ap q 

The point elasticity represents elasticity at a single point on the demand 
curve. Mathematically, it amounts to replacing Ag/Ap in the last formula 
with the derivative dq/dp. 

Price cross-elasticity of demand measures the response in the quantity 
demanded of commodity X to changes in the price of commodity Y. The 
coefficient of price-cross elasticity is 


Pa LS 
> AP q` 
Income elasticity measures the response in the quantity demanded of a 
commodity to changes in money income. The coefficient of income 
elasticity is 


A 
w= 


Ta 


Marginal revenue is the change in total revenue attributable to a one-unit 
change in quantity. If TR is total revenue and q is quantity, then marginal 
revenue, MR, is 


Marginal revenue is related to price elasticity by the equation 
ATR ( 1) 
MR = — = 1 ==]. 

; Aq P 7 


Thus, when demand is elastic (7 > 1), MR is positive; when demand is 
inelastic (7 < 1), MR is negative; and when demand has unit elasticity, 


* MR = 0. 


In perfect competition the demand curve perceived by any individual firm 
is essentially horizontal, even though market demand will usually have a 
price elasticity that is greater than zero. 
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QUESTIONS AND EXERCISES 


The following table gives hypothetical data for a consumer. Compute all 
meaningful elasticity coefficients (price, cross, and income). Remember that 
income must be constant when price elasticities are computed, and prices must be 
constant when income elasticity is computed. 


————————— 


Price Quantity Price 

Year of X purchased Income of Y 
1 $1.00 100 $5,000 $0.50 

2 1.01 95 5,000 0.50 

3 1.01 100 5,500 0.51 

4 1.01 105 5,500 0.52 

5 1.00 100 5,500 0.50 

6 1.00 105 5,500 0.51 

7 1.00 100 5,000 0.51 

4 8 1.02 105 5,500 0.51 
9 1.02 95 5,500 0.50 
10 1.03 90 5,500 0.50 
11 1.03 100 6,500 0.51 
12 1.03 105 7,000 0.51 


— eee 


The following table gives hypothetical data for market demand. Compute total 
revenue, marginal revenue, and the price elasticity of demand on a separate sheet. 
Ploi the demand, total revenue, and marginal revenue curves, 


—_—_OoTS 


Quant Qua 
Price Prose Price Presa 
$70.00 1 $23.33 7 
50.00 2 20.00 8 
40.00 3 17,50 9 
35.00 4 15.00 9 
30.00 5 12.50 11 
26.67 6 10.00 12 


Answer “true,” “false,” or “uncertain,” and give a defense of your answer: 

a. If the income elasticity of demand for a commodity exceeds one, the relative 
price of that commodity will rise as real per-capita income increases, that is, 
will rise relative to the goods whose income elasticity is less than one. 

b. If the utility of each good is independent of the quantities of all other goods 
consumed, then all goods must have positive income elasticities (that is, all 
goods are normal goods). 

c. If total consumer expenditures are the same before and after a tax, then an 
excise tax on a consumer good with elastic demand will lead to an increase in 
consumption spending on other consumer goods, while an excise tax on a good 
whose demand is inelastic will lead to a decrease in consumption spending on 
other goods. 

d. An individual spends all her income on two goods, X and Y. She spends one 
fourth of her income on good X. and the income elasticity for this good is 5. 
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Thus, good Y is now an inferior good to her, (Additional exercise: Determine 
the exact income elasticity for Y.) 

e. If each of 100 buyers has an elasticity of demand for a commodity equal to 3, 
then the elasticity of demand by the 100 buyers taken together is 0.03. 


f. Two consumers each buy positive amounts of commodities X and Y at given 


market prices. In equilibrium they will have the same marginal rate of 
substitution between goods X and Y even if they consume different amounts of 
these goods. 


- If half of the total quantity demanded of a good is purchased by 75 consumers, 


each of whom has demand elasticity of 2, and the other half is purchased by 
25 consumers, each of whom has demand elasticity of 3, what is the elasticity of 
the 100 buyers taken together? 


- An individual spends all his income on two goods, X and Y. If a $2 increase in 


the price of X does not change the amount consuined of Y, what is the price 
elasticity of good X? 


- The following statement is taken from The Wall Street Journal, March 30, 1966: 


“A retired Atlanta railroad conductor complains that he can no longer visit his 
neighborhood tavern six times a week. Since the price of his favorite beer went up 
to 30 cents a glass from 25 cents, he has been dropping in only five times a 
week.” Assuming the man in question consumed the same amount of beer per visit 
before and after the price change, calculate the elasticity of his demand for 
tavern;dispensed beer. 


“The experience with rail passenger transport indicates that traffic is negatively 


related to income —the richer one gets, the less he wants of the rails. For the 

trains that have survived, a mixture of the aged and low-income groups is the ideal 

combination; not surprisingly, the patronage on East Coast—Florida trains holds up 

better than on almost any others. The Illinois Central's City of New Orleans, 

running the length of Mississippi, is typically one of the strongest trains in the 

country, and passenger service in prosperous California is sick unto the death.” 

(G. W. Hilton, “What Went Wrong,” Trains 27 [January 1967], p. 39.) 

a. From this statement, what can you say about the income elasticity of demand 
for rail passenger service? What type of good is rail’ passenger service? 

b. If (say) the Grand Trunk Western lowers its passenger fares, can you say 
anything about the income and substitution effects? 

c. Suppose a person gets a salary increase and accordingly uses the trains less. 
Using his indifference curves, show this response to his increased income. 
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Part One Demand, Supply, and Markets: An Introductory Look 


re’ i 


Theory of Production 
and Cost 


In older textbooks it was conventional to define production as “the creation of 
utility,” where utility meant “the ability of a good or service to satisfy a 
human want.” In one respect this definition is too broad to have much 
specific content. On the other hand, it definitely points out that “production” 
embraces a wide range of activities and not only the fabrication of material 
goods. Rendering legal advice, writing a book, showing a motion picture, and 
servicing a bank account are all examples of “production.” It is rather difficult 
to specify the inputs used in producing the outputs of these illustrative cases. 
Nevertheless, most people would agree that some kinds of technical and 
intellectual skills are required to perform the services. 

Thus while “production” in a general sense refers to the creation of any 
good or service people will buy, the concept of production is much clearer 
when we speak only of goods. In this case it is simpler to specify the precise 
inputs and to identify the quantity and quality of output. Producing a bushel 
of wheat requires, in addition to suitable temperature and rainfall, a certain 
amount of arable land, seed, fertilizer, the services of agricultural equipment 
such as plows and combines, and human labor. 

Even in our presently advanced state of automation, every act of 
production requires the input of human resources. Other inputs are usually 
required as well. In particular, production normally requires various types of 
capital equipment (machines, tools, conveyors, buildings) and raw or 
processed materials. The theory of production consists of an analysis of how 
the entrepreneur— given the “state of the art” or technology — combines 
various inputs to produce a stipulated output in an economically efficient 
manner. 

Since the concept of production is clearer when applied to goods rather 
than services, our discussion will be restricted to production in agricultural 
and manufacturing industries. The reader should be aware, nevertheless, that 
problems of resource allocation in service trades and government are not less 
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important because they are less discussed in this text. Indeed, as the 
population becomes more and more concentrated in the under 20 and over 
65 age groups, the importance of services relative to goods increases. The 
principles of production studied here are as applicable to the output of 
services as to the output of goods. 

The same statement applies to the theory of cost. The theory of cost 
consists of an analysis of the costs of production—how costs are determined 
from a knowledge of the production function, the effects of diminishing 
returns, cost in the short and long runs, the “four cost curves,” and so on. 
But more importantly, it establishes the basis for study of the pricing practices 
of business firms, which occupies Part 3. m 


Part Two Theory of Production and Cost 


CHAPTER 


Production with One 
Variable Input 


This chapter begins the treatment of production and cost, which will have 
many applications in the next few chapters. What is meant by the following 
terms: short run versus long run, production function, total product, marginal 
product, average product, law of diminishing returns? How are the total 
product, marginal product, and average product schedules related to one 
another? @ 
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INTRODUCTION 
6. 
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Production processes typically require a wide variety of inputs. These are not as 
simple as “labor,” “capital,” and “materials”; many qualitatively different types 
of each input are normally used to produce an output. To clarify the analysis, this 
chapter introduces some simplifying assumptions whose purpose is to cut through 
the complexities of dealing with hundreds of different inputs. Our attention can 
be focused upon the essential principles of production, and the analysis gener- 
alizes directly to more complex production technologies. 

Specifically, we assume that there is only one variable input. In subsequent 
discussion, this variable input is usually called “labor,” although any other input 
could just as well be used. Second, we assume that this variable input can be 
combined in different proportions with one fixed input to produce various quan- 
tities of output. The fixed input is called “land”; our discussion employs one 
specific example of production: agricultural output. 


ped and Variable Inputs, the Short and Long Runs 
.1.a ~ 


In analyzing the process of physical production and the closely related costs of 
production, it is convenient to introduce a somewhat arbitrary distinction: the 
classification of inputs as fixed and variable. Accordingly, a fixed input is defined 
as one whose quantity cannot readily be changed when market conditions indicate 
that an immediate change in output is desirable. To be sure, no input is ever 
absolutely fixed, no matter how short the period of time under consideration. But 
frequently, for the sake of analytical simplicity, we hold some inputs fixed, 
reasoning that while these inputs are in fact variable, the cost of immediate 
variation is so great as to prohibit such action for the particular decision at hand, 
Buildings, major pieces of machinery, and managerial personnel are examples of 
inputs that cannot be rapidly augmented or diminished. A variable input, on the 
other hand, is one whose quantity may: be changed almost instantaneously in 
response to desired changes in output. Many types of labor services and the inputs 
of raw and processed materials fall in this category. 

Corresponding to the distinction of fixed and variable inputs, economists 
introduce another distinction: the short and long runs. The short run refers to that 
period of time in which the input of one or more productive agents is fixed. 
Therefore, changes in output must be accomplished exclusively by changes in the 
usage of variable inputs. Thus, if a producer wishes to expand output in the short 
run, this usually means using more hours of labor service with the existing plant 
and equipment. Similarly, if the producer wishes to reduce output in the short run, 
certain types of workers may be discharged: but one cannot immediately 
“discharge” a building or a diesel locomotive, even though its usage may fall to 
zero. 
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In the long run, however, even this is possible, for the long run is defined as 
that period of time (or planning horizon) in which all inputs are variable. The long 
run, in other words, refers to that time in the future when output changes can be 
achieved in the manner most advantageous to the entrepreneur. For example, in 
the short run a producer may be able to expand output only by operating the 
existing plant for more hours per day. This, of course, entails paying overtime 
rates to workers. In the long run, it may be more economical to install additional 
productive facilities and return to the normal workday. 

In this chapter we are mostly concerned with the short-run theory of produc- 
tion, combining different quantities of variable inputs with a specific quantity of 
fixed input to produce various quantities of output. The long-run organization of 
production is largely determined by the relative cost of producing a desired output 
by different input combinations, Discussion of the long run is thus postponed 
until Chapters 7 and 8. 


poa or Variable Proportions 


As already indicated, the initial discussion focuses largely upon the use of a fixed 
amount of one input and a variable amount of another to produce variable 
quantities of output, This means that our attention is restricted mainly to produc- 
tion under conditions of variable proportions. The ratio of input quantities may 
vary; the entrepreneur, therefore, must determine not only the level of output to 
produce but also the optimal proportion in which to combine inputs (in the long 
run). 

There are two different ways of stating the principle of variable proportions. 
First, variable-proportions production implies that output can be changed in the 
short run by changing the amount of variable inputs used in cooperation with the 
fixed inputs. Naturally, as the amount of one input is changed, the other remain- 
ing constant, the ratio of inputs changes. Second, when production is subject to 
variable proportions, the same output can be produced by various combinations 
of inputs — that is, by different input ratios. This may apply only to the long run, 
but it is relevant to the short run when there is more than one variable input. For 
example, wheat can be produced with a great deal of labor and very little 
machinery, or it can be produced with very little labor and a tractor, which can 
be leased on a weekly basis. 

Most economists regard production under conditions of variable proportions 
as typical of both the short and long run. There is certainly no doubt that 
proportions are variable in the long run. When making an investment decision, 
an entrepreneur may choose among a wide variety of different production pro- 
cesses. As polar opposites, an automobile can be almost handmade or it can be 
made by assembly-line techniques. In the short run, however, there may be some 
cases in which output is subject to fixed proportions. 
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Fixed-proportions production means there is one, and only one, ratio of inputs 
that can be used to produce a good. If output is expanded or contracted, all inputs 
must be expanded or contracted so as to maintain the fixed input ratio. This is the 
technology that is common in baking a cake. If the recipe calls for 4 cup of milk 
and 3 cups of flour, one cannot produce the same cake by using, say, 2 cups of 
milk and 2 cups of flour. However, one can produce two cakes with 1 cup of milk 
and 6 cups of flour. Factors are used in fixed proportions. 

At first glance this might seem the usual condition: one person and one shovel 
produce a ditch; two parts hydrogen and one part oxygen produce water. Adding 
a second shovel or a second part of oxygen will not augment the rate of produc- 
tion. But, in actuality, examples of fixed-proportions production are hard to come 
by. Even the production of most chemical compounds is subject to variable 
proportions. It is true, for example, that hydrogen and nitrogen must be used in 
the fixed ratio 3: I to produce ammonia gas. But if three volumes of hydrogen and 
one volume of nitrogen are mixed in a glass tube and heated to 400° C, only 

minute traces of ammonia will be found (and that only after heating for a very 
long time). However, if finely divided iron'is introduced into the tube under the 
same conditions, almost the entire amount of hydrogen and nitrogen are con- 
verted to ammonia gas within minutes. That is to say, the yield of ammonia for 
any given amount of hydrogen and nitrogen depends upon the amount of the 
catalyst (finely divided iron) used, Proportions are indeed variable from the 
standpoint of the catalyst, not only in this instance but in the production of almost 
every chemical compound. 


THE PRODUCTION FUNCTION 


6.2 


The discussion so far, especially in subsection 6.1.b, has emphasized that the 
quantity of output depends upon, or is a function of. , the quantities of the various 
inputs used. This relation is formally described by a production function associ- 
ating physical output with input. 

Production Function: A production function is a schedule (or table, or 
mathematical equation) showing the maximum amount of output that can be 
Produced from any-specified set of inputs, given the existing technology or 
"state of the art.” In short, the production function is like a “recipe book" 
showing what outputs are associated with which sets of inputs. 


Total Output or Product 
6.2.a 


inputs. 
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As an example, consider an experiment in the production of wheat on 10 acres 
of land. The fixed input is land, the variable input is labor time, and the output 
is bushels of wheat (we ignore seed, fertilizer, and other variable inputs). An 
agricultural experiment station blocks off eight tracts of land, each containing 
10 acres. The first tract is worked for a producing season by one person; the 
second tract is worked by two people; and so on until the eighth tract is worked 
by eight people. Total output on the various tracts of land might be as shown in 
Table 6.2.1. 

The hypothetical data in Table 6.2.1 are graphed in Figure 6.2.1. Output is 
plotted on the vertical axis and input, in this case the number of workers, is 
plotted on the horizontal axis. Joining the successive points by straight-line 
segments, one obtains the total product curve. Note that the curve first rises 
slowly, then more rapidly, and then more slowly again until it finally reaches a 
maximum and begins to decrease. This curvature reflects the principle of dimin- - 
ishing marginal physical returns to be discussed in subsection 6.2.c. 


Average and Marginal Products 


Table 6.2.2 is an expanded version of Table 6.2.1, The first two columns still 
indicate the tract number and the number of workers on each tract. The third 
column reports the total output for each tract of land, while the fourth column 
shows the average output per worker, or the output-labor ratio. Finally, the fifth 
column contains the entries for marginal product. 


Average Product: The average product of an input is total product divided 
by the amount of the input used to produce this output. Thus, average product 
is the output-input ratio for each level of output and the corresponding volume 
of input. 


Marginal Product: The marginal product of an input is the addition to total 
product attributable to the addition of one unit cf the variable input to the 
production process, the fixed input remaining unchanged. ' 


Table 6.2.2 and the graph of its data (Figure 6.2.2) illustrate several important 
features of a typical production process. First, both average and marginal prod- 
ucts initially rise, reach a maximum, and then decline. In the limit, average 
product could decline to zero because total product itself could conceivably 
decline to this point. Marginal product, on the other hand, may actually become 
negative— indeed, many economists suggest that the marginal product of agri- 


‘Consider the production function f(x |y) where x is the variable input and y is the fixed input and 
where the vertical bar means “given.” The average product of the variable input x is 


a _fely) 
x x 
and the marginal product is the derivative, 
dq _ gal) 
dx dx 
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Table 6.2.1 Output of wheat on ten-acre tracts of land (bushels) 


Number of Total 
ioe workers 3 output 
1 1 10 
2 2 24 
3 3 39 
4 4 52 
5 5 61 
6 6 66 
7 7 66 
8 8 _ 64 


Figure 6.2.1 Total proauct curve obtained from 
hypothetical data in Table 6.2.1 


Total product curve 


Output of wheat 
8 
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Number of workers 


Number erage Marginal 
Tract of Total product product 
‘number workers output of labor of labor 
1 1 10 10.0 — 
2 2 24 12.0 14 
3 3 39 13.0 15 
4 4 52 13.0 13 
5 5 61 12.2 9 
6 6 66 11.0 5 
7 7 66 9.4 0 
8 8 64 80 =o 
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jure 6.2.2 Average and marginal products 
obtained from data in Table 623 p 
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Land-labor ratio 


cultural workers in some underdeveloped countries is in fact negative. Work vs 
may be so numerous that the addition of a worker merely causes confusion as 
individuals trip over one another's output. 

In the present example, the marginal product of labor becomes negative 
because the variable input is used too intensively with the fixed input (land). 

~ A second feature of significance is that marginal product exceeds average 
product when average product is rising, equals average product when aver- 
age product is at maximum, and lies below average product when average 
product is falling. This proposition follows readily from the definitions of mar- 
ginal and average product, and is true of all marginal and average relationships. 
Consider a student who has an average of 78 percent on six Economics | quizzes. 
If the score on the seventh quiz exceeds 78 percent, then the average rises. If it 
is below 78 percent, the average falls. Similarly with production. 

So long as the increment is greater than the previous average, the average must 
increase. If the increment is less than the previous average, the newly computed 
average must be less. The two curves must intersect at the point where the 
average curve reaches its maximum, because an increment equal to the average 
does not change the average. The average product schedule must be flat at that 
point, in this case implying a maximum. 
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Relations: Both average and marginal products first rise, reach a maximum, 
and decline thereafter. When average product attains its maximum, average 
and marginal products are equal. These relations apply only to 
variable-proportions production functions. 


cy of Diminishing Marginal Physical Returns. 
2.6 


The shape of the marginal product curve in Figure 6.2.2 graphically illustrates an 
important principle: the “law” of diminishing marginal physical returns. 

Comparing the outputs of tracts 1 and 2 (Table 6.2.2), one sees that using two 
workers rather than one increases output by 14 bushels, the marginal product of 
labor when there are two workers. Similarly, comparing tracts 2 and 3, the use 
of a third worker augments output by 15 bushels. The marginal physical product 
of labor increases as the number of workers increases. This may well happen 
when the land-labor ratio is very high. 

Ultimately, however, as the input ratio declines so also must the marginal 
product-of the variable input. When the number of units of the variable input 
increases, each unit, so to speak, has on the average fewer units of the fixed input 
with which to work. At first, when the fixed input is relatively plentiful, more 
intensive utilization of fixed inputs by variable inputs may increase the marginal 
output of the variable input. Nonetheless, a point is reached beyond which an 
increase in the intensity of use of the fixed input yields progressively less and less 
additional returns. Psychologists have even found that this holds true for con- 
secutive study time. 

Principle (The Law of Diminishing Marginal Physical Returns): As the 
amount of a variable inputis"in¢feased, the amount of other (fixed) inputs held 
constant, a point is reached’ beyond which marginal product declines. It might 
be well at this point to emphasize that the “law of diminishing returns” is 
actually an empirical assertion. It is not a theorem derived from an axiom 
system; it is not a logical proposition that is susceptible of mathematical proof 
or refutation. It is a simple statement concerning physical relations that have 
been observed in the real economic world,” 


JDE GEOMETRY OF AVERAGE AND MARGINAL PRODUCT CURVES 


The discussion has so far focused upon one specific, discrete production function 
given in tabular form. We turn now to a more general formulation in which both 
discrete and continuous production functions are used, 


*Using the notation of footnote 1 ot this chapter, the law of diminishing retums says there is some 
& stich that 


dfl) — 9 
Saree 
for all x > $. ‘That is, the production function is concave for inputs larger than Ê. 
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Geometry of Average Product Curves 


A typical form of the (contiriuous) total product curve is shown in Figure 6.3.1. 
In this, as in all other one-variable-input product graphs, units of the variable 
input are plotted on the abscissa and total product is plotted on the ordinate. 

Given the total product curve TP, we wish to find average product. First, from 
its definition, average product is total product divided by the number of units of 
the variable input used to produce it, or the output-variable input ratio. Producing 
total output OR = DA requires OD units of the variable input. Thus the average 
product of OD units of variable input is DA/OD. Similarly, the average product 
of OF units of variable input is FG/OF and of OH units is HJ, /OH. In each case, 
to obtain the average-product corresponding to a given point on the total product 
curve, we found the slope of the line joining the origin with the point in question. 
In other words, we found the tangent of the angle formed by the abscissa and the 
line from the origin to the given point on the total product curve. Average product 
is equal to the slope of the line that connects the origin with the total product 
curve. This implies that the average product of F units of input is smaller than 
the average product of H units of input because HJ/OH > FG/OF. 

As we have seen, the average product corresponding to point A-is DA/OD, 
but this is precisely the slope of the line OA, or the tangent of the angle 8. Notice 
also that average product must be the same for OH as for OD units of the variable 
input because the slopes of OJ and of OA are identical (in each case, average 
product is the tangent of angle 8). Since average product is rising for movements 
along TP from the origin to point J, and since it is falling for movements from 
A to B, there is reason to suspect that average product reaches its maximum at 
a point between J and A on the total product curve. 

Average product does, in fact, attain its maximum at an intermediate point, as 
may be seen more clearly in Figure 6.3.2. Points Q and R in Figure 6.3.2 


Figure 6.3.1 Geometry of marginal and average 
product curves : 


Total product 


(0) FGH D-sẸ 


Units of variable input 
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Figure 6.3.2 Maxima of average and marginal 
products: 


Total product 


o CA B 
Units of variable input 


correspond to points J and A, respectively, in Figure 6.3.1, in that each pair of 
points lies on a common ray from the origin. Thus the average product at point 
Q is equal to the average product at point R. Since average product is the slope 
of a ray from the origin to a point on the curve, average product is a maximum 
when the slope of the line is steepest. This occurs, of course, when the line from 
the origin is just tangent to the total product curve, at point P with angle @ in 
Figure 6.3.2. 

As one moves from point Q toward point P, the line from the origin to the 
curve becomes steeper. Similarly, as one moves from point P toward point R, the 
line moves downward, becoming less steep. Thus we have the following im- 
portant points: 


Relations: Average product corresponding to any point on the total product 
curve is given by the slope of a ray from the origin to the point in question. 
When average product attains its maximum value, this line is tangent to the 
total product curve. 


Geometry of Marginal Product Curves 
KA 


Using Figures 6.3.1 and 6.3.2 again, similar qualitative and quantitative rela- 
tions may be found for the marginal product curve., 

Turn first to Figure 6.3.1. By definition, marginal product is the addition to 
total product attributable to the addition of one unit (or a small amount) of the 
variable input to a given amount of the fixed input. Let the amount of variable 
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input increase from OD to OE, or by the amount DE = AC Output consequently 
increases from OR to OS, or by the amount RS = CB, Marginal product is, 
therefore, BC/AC. In this discrete case, there is no convenient slope mea- 
surement because the arc AB is not linear, That is, a unique slope measure cannot 
be obtained because the slope of the angle formed by arc AB and line AC changes 
over the interval DE = AC. 

But let us suppose for a minute that the total product curve were linear from 
A to the point V. Then an increment of amount DE in the variable input would 
cause output to increase from OR to OU, or by RU = CV. In this case, marginal 
product would be CV/AC, or the tangent of angle a. The measure CV/AC 
overstates the true magnitude of marginal product, CB/AC. However, as the 
increment of variable input becomes smaller and smaller, the approximation 
becomes better and better. In the limit, for a very tiny increase in variable input 
the slope of the tangent to point A, labeled 77”, approaches the true slope of the 
total product curve. Hence for sufficiently small changes in the variable input, the 
slope of the total product curve at any point is a good approximation of marginal 
product. 

The slope of a curve at any point is given by the slope of its tangent at that 
point, Thus the marginal product corresponding to point Q in Figure 6.3.2 is the 
slope of the line CQ, or the tangent of angle 6 = AQ/CA, As Figure 6.3.2 is 
constructed, marginal product is a maximum when OA units of variable input are 
used, This is true because the slope of the tangent to the total product curve is 
steeper at point Q, the inflexion point, than at any other point. 

Other interesting relations can be determined from Figure 6.3.2. First, recall 
that maximum average product is associated with OB units of variable input and 

- corresponds to point P. Hence, marginal product attains its maximum at a lower 
level of variable input usage than does average product. Second, notice that the 
tangent to the total product curve at point P —the line whose slope gives mar- 
ginal product corresponding to point P —is the line OP. We have already seen 
in subsection 6.3.a that the slope of OP also gives average product associated 
with point P and that average product attains its maximum value at that point 
Hence, as we have seen previously, marginal product equals average product 
when the latter is at its maximum. 


‘Let q = f(x) be the production function. If the increment of variable input is denoted Ar, the new 
output is fix + Ax). Thus, by definition, marginal product is 


fix + Ax) ~ flo 
MP Ena: 


But also by definition, the derivative of fix) is 
dq fix + An = fio 
3 T ma ac 
Hence, in the limit, marginal product is the slope (dq/de) of the wal product curve For finite 
changes, the slope is an approximation of marginal product 
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The principal information contained in this subsection can be summarized as 
follows: 


Relations: Marginal product corresponding to any’ point on the total product 
curve is given by the slope of the tangent to the curve at that point. Marginal 
product attains its maximum value when the slope of the tangent is steepest. 
The point of maximum marginal product occurs at a smaller level of variable 
input usage than does maximum average product; and marginal product 
equals average product when the latter attains its maximum value, 


oa Average, and Margina! Products 
6.3.c 


The relations discussed in the two preceding subsections are illustrated in 
Figure 6.3.3.“ In this figure one can see not only the relation between marginal 
and average products but also the relation of these two curves to total product. 

Consider first the total product curve. For very small amounts of the variable 
input, total product rises gradually. But even at a low level of input it begins to 
rise quite rapidly, reaching its maximum slope (or rate of increase) at point 1. 
Since the slope of the total product curve equals marginal product, the maximum 
slope (point 1) must correspond to the maximum point on the marginal product 
curve (point 4). 

After attaining its maximum slope at point 1, the total product curve continues 
to rise. But output increases at a decreasing rate, so the slope is less steep. 
Moving outward along the curve from point 1, soon the point is reached at which 
a ray from the origin is just tangent to the curve (point 2). Since tangency of the 
ray to the curve defines the condition for maximum average product, point 2 lies 
directly above point 5. 

As the quantity of variable input is expanded from its value at point 2, total 
product continues to increase, But its rate of increase is progressively slower until 
point 3 is finally reached. At this position total product is at a maximum; there- 
after it declines until it (conceivably) reaches zero again. Over a tiny range around 
point 3, additional input does not change total output. The slope of the total 
product curve is zero. Thus marginal product must also be zero. This is shown 
by the fact that points 3 and 6 oecur at precisely the same input value. And since 
total product declines beyond point 3, marginal product becomes negative, 

Most of the important relations have so far been discussed with reference to 
the total product curve. To emphasize certain relations, however, consider the 
marginal and average product curves in Figure 6.3.3. Marginal product at first 
increases, reaches a maximum at point 4 (the point of diminishing marginal 
physical returns), and declines thereafter. It eventually becomes negative beyond 
point 6, where total product is at its maximum. 


“This graph is constructed under the assumption that output is zero if the input of the variable 
factor is zero. Thus if the production function is q = f(x | y), we assume that f(0| y) = falo = 
£(0|0) = 0. For an alternative approach, see Frank Knight, Risk, Uncertainty, and Profit, Reprints 
of Economic Classics (New York; Augustus M. Kelley, 1964), p. 100. 
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Average product also rises at first until it reaches its maximum at point 5, 
where marginal and average products are equal, It subsequently declines, con- 
ceivably becoming zero when total product itself becomes zero, Finally, one may 
observe that marginal product exceeds average product when the latter is in- 
creasing and is less than average product when the latter is decreasing. 


The Three Stages of Production 
6.3.0. Pan ott 
Using Figure 6.3.3, we can identify three stages of production. The first stage 
corresponds to usage of the variables input to the left of point 5 where average 
product achieves its maximum. Stage II corresponds to usage of the variable 
input between point 5 and point 6, where the marginal product of the variable 
input is zero. Finally, stage II corresponds to usage of the variable input to the 
right of point 6 where the marginal product of this input is negative, 

Clearly, the producer would never produce in stage III, since in this Stage 
imore output can be obtained by using less of the variable input. Such ineffi- 
ciencies in the use of scarce production factors will always be avoided, In stage I, 
average product of the variable factor is increasing. As we shall see in Chapter 8, 
when the unit cost of the variable factor (for example, the wage rate) is a constant, 
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increasing average product of the variable factor implies that the unit cost of 
producing output decreases as output is increased. If the firm is in a competitive 
industry (refer back to the discussion in subsection 5.5.a), it would never produce 
in this stage because by expanding output it can reduce unit costs while receiving 
the same price for each additional unit sold, and this means that total profits must 
increase. Thus we see that efficient production occurs in stage II.‘ 


Example: Consider two identical wheat farms, each having 100 acres of land. 
The production schedule for each is given by the following table: 


Total number Total product 
of workers (in 000 bushels) 


COOnNOONS ON 
a 
S 


Suppose that both farms are owned by the same individual. How should labor 
be allocated across farms? 

The answer depends on how many units of labor are to be employed. 
Although this is itself a question that is considered below, for now let us 
suppose that we have available no more than a certain number of workers. 

Suppose that two workers are available. By using both on one farm, total 
output is 22 and average product is 11, If they are split between the farms, 
total output is 2 x (10) = 20 and average product is 10. 

If three workers are available, employing them on one farm yields 35 units 
of output. If two are assigned to one farm and one to the other, output is only 
22 + 10 = 32. Again, putting all workers on one farm is the solution. 

If four workers are available, they again should all be used on one farm. 
Then 50 is produced. If they were divided into two pairs of 2, 2 x (22) = 
could be produced. If three work on one farm white one works on the other, 
then 35 + 10 = 45 is produced. Note average product is 12 v2. 

If five workers are available, placing all five on one farm yields 60 units. So 
does putting four on one farm and one in the other. Splitting thern into three 
and two yields 57. Note that average product is 12. 

If six workers are available, splitting them up is optimal. Placing four on one 
farm and two on the other yields 72 units and is better than any other 
allocation. 


SAn even stronger statement can be made when the production function exhibits constant retums 
to scale (see section 6.4): in this case, the marginal product of the fixed factor will be negative in 


stage L 
*As we shall see, however, a monopolist may decide, in some cases, to produce in stage I. 
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The point is that workers are not moved over to the second farm until we 
are in the range where average product is falling. This illustrates the relevance 
of production in stage Il. 


LINE AEE HOMOGENEOUS PRODUCTION FUNCTIONS 


“Linear homogeneity,” “homogeneous of degree one,” and “constant returns 
to scale” are interchangeable terms when used to describe a production function. 
All get at the essential concept: if all inputs are expanded in the same propor- 
tion, output is expanded in that proportion. Consider the simple Cobb-Douglas 
function: 

q = fly) = Axy, (6.4.1) 


where A and æ are positive constants and 0 < a < 1. Now let both x and y be 
increased in the proportion À. One then has 


Jx, Ay) = A(AX) Ay)!" = AACA ety 
= AAx*y'"* = A(Ax*y'™") = Aflxy) = Ag. (6.4.2) 


Thus if the usage of all inputs is expanded in the same proportion, output expands 
` in that proportion. This is precisely what is meant by “constant returns to scale,” 
The other essential feature of linearly homogeneous production functions is as 
follows: the average and marginal products depend upon the ratio in which the 
inputs are combined, but their values are independent of the absolute magnitudes 
of the inputs. Again consider the Cobb-Douglas function. Divide both sides of 
equation (6.4.1) by x to obtain the average product of X: 
, \ tro 
L z amiyos a(2 ) (6.4.3) 
r x 
This clearly shows that the average product of X depends upon'the factor input 
ratio or factor proportions. For example, supposeA = l00anda = %, Ify = 4 
and x = 1, the average product of X is 200. If y = 400 and x = 100, the ratio 
is the same and so is the magnitude of the average product. 

The same situation may be shown for the marginal product. If y is held 
constant, the Cobb-Douglas tunction (6.4.1) can be thought of as a relation 
between output, q, and the variable input, x. We have noted that marginal product 
is the slope or derivative of the total product function with respect to the variable 
input. The derivative of (6.4.1) with respect to x is thus the marginal product 
function we seek, or 


dy $ ( y ih Í 
dk aA x (6.4.4) 
which shows that the marginal product depends on the input ratio only.” 


7When we consider the possibility that y can also vary, a more appropriate mathematical statement 
would replace the left side with the partial derivative symbol 4q/dx 
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The essential features of linearly homogeneous production functions may be 
summarized as follows: 


Relations: |f the production function is homogeneous of degree one, (i) there 
are constant returns to scale, that is, a proportional expansion of all inputs. 
expands output by the same proportion; and (ii) the marginal and average 
product functions depend only upon the ratio in which the inputs are combined 
and, in particular, they are independent of the Bbeohile amounts of the inputs 
employed. 


SYNOPSIS 


m Production functions show the relation between outputs and inputs. In the 
short run it is usually assumed for expositional convenience that there is 
one variable input and one fixed input. (By relying on mathematics more 
heavily, however, this analysis can be generalized to deal with a large 
number of inputs.) 


m@ Average product (of input x) is Sa where q is output and x is the amount 


of the input in question. Marginal product of input x is x (or A in 
continuous notation — for example, the change in output associated with a 
unit change in the input of x, all other inputs remaining constant). 

@ The law of diminishing returns says that beyond some point, increases in 
the amount of a variable input (all other inputs held fixed) lead to 
decreases in the marginal product of that input. In short, the production 
function ultimately becomes concave as the amount of the variable input is 
increased. 

@ Total product, marginal product, and average product are closely related. 
When marginal product (MP) is larger than average product (AP), average 
product is rising. When MP is smaller than AP, AP is falling. When AP 
is at its maximum, MP = AP. ‘Thess relations are examined in more detail 
in the Appendix here. 
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Chapter 6 dealt with the relations among total product, average product, and 
marginal product. Chapter 5 dealt with similar relations among total revenue, 


. average revenue (or, the demand curve), and marginal revenue. In Chapter 8, we 


will consider total cost, average cost, and marginal cost. These are all examples 


*This appendix can be skipped without-oss of continuity, 
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of the general relation among total magnitudes, average magnitudes, and mar- 
ginal magnitudes. It is useful to consider the mathematical and geometric charac- 
teristics of these general relations; that is the subject of this appendix. 

Let TX(q) be the total X function (where X can be “product,” “revenue,” 
“cost,” or just about any other magnitude of interest) stated as a function of a 
Single quantity or output variable q. The average X function, AX(q) is then 
defined as 

AX(q) = ay 


: 


and the marginal X function, MX(q), is defined as the derivative 


MX(q) = Pg = Tx'(q). 


If we differentiate AX(q), we obtain: 
dAX(q) _ AX'(q) = qTX'(q) = TX(q) _ MX(q) — AX(q) 
q q 


dq 
Rearranging the last equation, we get 
MX(q) = AX(q) + AX'(q)q (6.A.1) 


where AX’(q) is the slope of the average X function at quantity q. From 
equation (6.4.1) we get the fullowing propositions: 


Proposition 1: If MX(q) > AX(q), then (assuming q > 0), AX'(q) > 0 (that 
is, average X is rising). 
— Proposition 2: If MX(q) < AX(q), then (assuming q > 0), AX’(q) < 0 (that 
is, average X is falling). 
6 Proposition 3: If AX(q) is at a maximum (or minimum) with AX '(q) = 0, 
then AX(q) = MX(q). 
Proposition 4: If 7X(0) = 0, then MX(0) = AX(0). The condition TX(0) = 0 
is needed to assure that AX(0) is not infinite. In some cases 
(for example, certain total cost functions discussed in Chap- 
ter 8), TX(0) is not zero, so some care is needed in applying 
this proposition. 
The geometry of (6.A.1) is shown in Figure 6.A.1. Given AX(q), equation 
(6.A.1) can be used to locate MX(q) for given values of q. For example, at go the 
slope of AX(q) is the tangent of 0. That is, @ is the slope of the line HH', which 
is tangent to AX(q) at qo. From equation (6.A.1), we know that MX(qo) = 
AX(qo) + AX '(qo)qo. Thus, to find MX(qo), we construct a line with origin at 
AX(qo) and constant slope AX '(qo) — this is the line AX(qo)G in Figure 6.A.1. It 
is simply a line parallel to HH’ with origin AX(qo). By construction, at qo, this 
line gives the desired value of MX. In other words, if we draw a perpendicular 
from gp up to the line AX (qo)G, the point at which the perpendicular intersects 
AX(qo)G is MX(qu). By repeating this procedure, values of MX(q) for different 
values of q can be found. 
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Figure 6.A.1 Geometry of AX and MX 


Average and marginal X 


Quantity Ý 


QUESTIONS AND EXERCISES 


i6 


Below are hypothetical data for a manufacturer possessing a fixed plant which 
produces a commodity that requires only one variable input, Total product is given. 
Compute and graph the average and marginal product curves; Make your basic 
calculations and set them up in tabular form, using the following information for the 
stub and column (1) entries and your calculations for average product in column (2) 
and marginal product in column (3). Save them, as they form the basis for a 
subsequent problem in Chapter 7. After completing the table and graph, answer the 
following questions: 


1. When marginal product is increasing, what is happening to average product? 
2. Does average product begin to fall as soon as marginal product does? That is, 
which occurs first, the point of diminishing marginal or average returns? 


3. When average product is at its maximum, is marginal product less than, equal to, 
or greater than average product? 


4. Does total product increase at a decreasing rate: (a) when average product is 
rising? (b) when marginal product is rising? (c) when average product begins to 
fall? (d) when marginal product passes its maximum value? 

5. When average product equals zero, what is total product? 

6. What is the precise relation between a two-factor production function and the 
marginal product curve for one factor? 

7, Begisning with a production function or schedule involving two inputs, explain 
how cne derives the total, average, and marginal products for a single factor. 
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8. Comment on the following statement: If the production of wheat requires only land 
and labor, if there are constant returns to scale, and if labor has an increasing 
average product, then the world’s wheat supply could be grown in a flower pot, 
provided the pot were small enough. 


—o— 


Units of Total Average Marginal 
variable . product product produbi 


input (1) (2) (3) 
1 100 

2 250 ‘ 
3 410 

4 560 

5 700 

6 = +» 830 

7 945 

8 1,050 

9 1,146 

10 1,234 

11 1,314 

12 1,384 

13 1,444 

14 1,494 

15 1,534 

16 1,564 

17 1,584 

18 1,594 
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Production and Optimal Input 
Proportions: Two Variable Inputs 


According to the newspaper account given in the article at the beginning of 
this chapter (“Cheap Mexican Labor ...”), workers who sort and box shrimp 
in the Tex-Mex Storage Co. in Brownsville, Texas, are paid the minimum 
wage, which is well above the 99¢ per hour paid to similar workers at 
Camarones, Selectos, S.A., a Mexican firm just across the U.S.-Mexican 
border. How does this difference in the price of labor affect the combination 
of workers and machinery used in the two firms? What accounts for the 
greater amount of shrimp peeled per hour by the workers in the U.S. firm? 
This chapter develops the tools to answer such questions. It derives the rule 
that a cost-minimizing firm will-use to determine how to combine inputs to 
produce a given level of output. What is this rule? What are isoquants? 
Isocosts? What is the marginal rate of technical substitution? How do these 
concepts help explain the different proportions of workers to machinery used 
by Tex-Mex Co. and Camarones, Selectos, S. A.? w 


n S 
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APPLYING THE THEORY 


Cheap Mexican Labor Attracts U.S. Companies to the Border 


By James P. Sterba 
Special to the New York Times 

BROWNSVILLE, Tex., May 9— The 
35 women who sort and box shrimp at 
Tex-Mex Cold Storage Inc. are quick with 
their hands. With the help of machines, 
they can grade and package for freezing 
about 6,000 pounds of shrimp an hour. 
Their base pay is $2.30 an hour; their take- 
home pay: $2.12 an hour, 

The 160 women who peel and devein 
shrimp at Camarones Selectos S.A., just 
across the border in Matamoros, Mexico, 
are also quick with their hands. Without 
machines, they can remove the shells and 
back veins from about 2,000 pounds of 
shrimp an hour. Their base pay: 99 cents 
an hour; their take-home pay: 65 cents an 
hour, 

It is that basic disparity in wages that 
both lures Mexican workers into the United 
States and propels United States labor- 
intensive industries into Mexico. United 
States labor union officials charge that both 
movements are costing United States work- 
ers jobs at a time when unemployment 
rates remain high. 

Hundreds of United States companies 
have closed factories in other parts of the 
country over the last decade and set up 
new plants along the border to take advan- 
tage of low-labor costs on the Mexican 
side and abundant minimum-wage labor on 
the United States side. The border, in fact, 
has become an open sore in the Carter Ad- 
ministration’s efforts to put Americans 


LE | 


back to work, formulate a new immigration 
policy and deal with pressures for trade 
embargoes. 

Although many companies have simply 
moved their labor-intensive jobs to such 
places as South Korea, Taiwan and Hong 
Kong, American union officials have 
focused much of their attention on Mexi- 
can workers, saying that they in particular 
are stripping jobs away from American 
workers. 

But a look at the shrimp industry around 
Brownsville, which calls itself “Shrimp 
Capital of the World,” shows a different 
picture. Virtually all the jobs requiring 
labor are performed by men and women 
of Mexican origin. Some are United States 
citizens. Many are Mexican citizens living 
legally on this side of the border. Some 
are Mexican citizens who live in Mexico 
and commute to jobs here or work in fac- 
tories set up in Mexico by United States 
companies. 

Shrimp boat owners and shrimp com- 
pany processors contend that they simply 
cannot find many United States citizens 
who are willing to work at jobs, which are 
often part time, for wages at the Federal 
minimum of $2.30 an hour or slightly 
higher, At the same time, they say there 
is an abundant supply of Mexicans who 
are eager to take those jobs and grateful to 


get them. 
But for the most labor-intensive chores 


of peeling and deveining shrimp, pro- 


(continued on page 172) _ 
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(continued from pag> 171) 

cessors avoid even United States minimum 
wages by trucking their shrimp across the 
border into Mexico. Wages of $9 cents an 
hour seem paltry by United standards, but 
they are above average for workers in 
Mexico. Americans and Mexicans who run 
processing plants, as well as a variety of 
other factories on the Mexican side of the 
border, contend that these plants actually 
save jobs in the United States. Without 
them, they contend, many American com- 
panies would be forced to move their entire 
operation to foreign soil in order to remain 
competitive. 

To illustrate how this works, one can 
follow the circuitous path of a load of 
shrimp caught the other day in the Gulf 
of Mexico. 

With a permit that costs $2,006 a year, 
United States shrimp boats can net shrimp 
in Mexican waters, The boats have threeman 
crews of a captain, rig man, and header. 
Many of the rig men are Mexican- 
Americans. Most of the headers, who re- 
move the heads from shrimp and clean the 
boats, are Mexicans. 

The boats from Brownsville are un- 
loaded usually by Mexican workers, Boat 
maintenance and cleanup crews at the port 
are also usually Mexicans. 


Shrimp Processor’s View 


Lawrence Touchet, manager of Gulf 
Shrimp Processors, hires 50 to 60 Mexi- 
cans in the peak season to unload the 
boats, ice the shrimp and load them onto 
trucks, 


“I don’t care how many people are sup- 


posed to be out of work, you just can’t get 
Americans to do this work,” he said 


The shrimp are then trucked to Tex-Mex 


Cold Storage for sorting, sizing, boxing 
and freezing. Ed Walker, the company’s 
production manager agrees with Mr. 
Tochet. 


Questions 


The article indicates that shrimp pee!ers 
on the U.S. side of the border get 
$2.30 per hour (the minimum wage in 
the United States at the time), while 
shrimp peelers in Mexico (across the 
border) receive 99¢ per hour. How 
would you predict this difference in ‘the 
price of labor affects the relative factor 
proportions of shrimp peelers versus 
machinery (capital) in firms on the 
U.S. side of the border versus firms on 
the Mexican side of the border? (Hint: 
use the principle that MRTS = ratio of 
the input prices for cost minimization 
at any given output level.) 

What can you say about the marginal 
product of the last shrimp peeler hired 
in the U.S. firm versus the marginal 
product of the last shrimp peeler hired 
in the firms on the Mexican side of the 
border? Is there any evidence in the 
article backing up your conclusion? 
Why do you think the marginal 
productivity of the workers are 
different, depending on which side of 
the border the firm is located? Explain. 
The U.S. minimum wage law applies 
to most workers, but not all workers. 
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Demonstrate that a selective minimum 
wage law that applies to manufacturing 
workers but not agricultural workers is 
NOT pareto optimal. Make sure to 
demonstrate how it would be possible 
to increase the total amount of output 
by rearrangeing factor proportions in 
the manufacturing and agricultural 
sectors. In which sector would it be 
necessary to increase the number of 
workers? (Note: you might want to 
come back to this question after 
completion of Chapter 17.) 


Solutions 


1. For any given output level, the 
MRTS,,« must equal the ratio of factor 
prices, or the slope of the isoquant 
must equal the slope of the isocost. In 
symbols, U.S. firms will employ 
workers and machinery (K) until 


HSE ae or equivalently 
Pruss PK 
MP; _ Puuss 
MRTS,x = —> = ——— 
iK = TAP, Px 


Producers of shrimp in Mexico will 
hire workers such that 


MP, = MP. or equivalently 


PLiMexico) PK 


MP, = Ptimexico) 
MPx pk 


Therefore, given the higher (minimum) 
wage faced by producers in the United 
States, it is not surprising to find that 


they use less labor and more capital 
than producers in Mexico. 
Based on the solution in (1) above, the 
MP, in the United States must be 
higher because of the relatively higher 
price of labor. We are told that U.S. 
shrimp peelers shell approximately 
6,000 pounds of shrimp per hour. 
Since there are 35 workers, this comes 
out to 171 pounds per hour per person. 
In Mexico the 160 workers who peel 
shrimp can produce 2,000 pounds per 
hour, or 12.5 pounds per hour. 
The U.S. workers each have more 
machinery to work with than the 
Mexican workers, thus their marginal 
productivity is greater, This is a direct 
result of the relative factor proportions 
used of the two factors, which in turn 
is a result of the difference in the 
relative prices of labor and machinery 
on the two sides of the border. 
The minimum wage has resulted in an 
inefficiency in the allocation of factors, 
Assuming that workers in both the 
U.S. and Mexican plants are of equal 
skill, we find that a transfer of workers 
from Mexican plants to U.S. plants 
would result in an increase in total 
output. This transfer should continue 
(from an efficiency standpoint) until 
the ratio of the marginal products of 
workers to capital were equal in the 
U.S. and Mexico. Under the minimum 
wage. the condition for factor 
substitution is violated because the 
price of labor faced by producers in the 


(continued on page 174) 
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APPLYING THE THEORY 
(continued from page 173). United States by increasing the number 
United States is different (greater) than of shrimp peelers in the United States 
the price of labor faced by producers in (and increasing the amount of 
Mexico. As a result, machinery in Mexico). 


guss. 
MRTSYŠ = Fal is greater output” for U.S. shrimp and 
K 


Stating it differently, the same the U.S.) 
amount of shrimp could be peeled 
using fewer resources if there were not Source: New York Times; May 13; 1977: © 1977 The 
an artificially higher wage in the New York Times Company. Reprinted by permission, 


(If you substitute “manufacturing 


“agricultural output” for Mexican 
MP, |M shrimp, the above situation is exactly 
[| = MRTSHeKeo analogous to the operation of a 
MP; selective minimum wage law in 
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The fundamental physical relations of production were discussed in Chapter 6 
under the assumption that there is only one variable input. The analysis is 
continued in this chapter for a more general case. Graphically, production is 
studied under the assumption that there are two variable inputs. One may regard 
these inputs either as cooperating with one or more fixed inputs or as the only two 
inputs. The latter situation, of course, is relevant only for the long run. In either 
case, however, the results of the two-input model are easily extended to cover 
multiple inputs. 


Production Table 
7.1a 


The land-labor example used in Chapter 6 may be expanded to introduce the 
theory of production with two variable inputs. In the illustration we considered 
an agricultural experiment in which 10-acre tracts of land made up the fixed input. 
Labor was the variable input, and we obtained eight sample observations corre- 
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sponding to the cultivation of the 10-acre tracts by one worker, two workers, and 
so on. In the present example the agricultural experiment is pushed further so as 
to obtain 64 sample observations. Land is, in a sense, still the fixed input, but 
now we suppose that there are eight l-acre tracts, eight 2-acre tracts, and so on 
up to eight 8-acre tracts. Each of the sets of 8 constant-acre tracts is cultivated 
by one worker, two workers, etc., up to eight workers. Thus we have samples 
ranging from one worker on 1 acre to eight workers on 8 acres. The data for this 
example are listed in Table 7.1.1. 

The entries in the row corresponding to 3-acre tracts of land are exactly the 
same as the entries in Table 6.2.2. Indeed, in every respect this table is just a 
“larger” example of the hypothetical experiment in Chapter 6. 

In the spirit of Chapter 6, consider land as the fixed input. The entries in each 
row show the total outputs produced on the stipulated acreage when different 

4 numbers of workers cultivate the land. By successive subtractions along each 
row, the marginal product of labor is obtained. Next, by going to successively 
higher rows one sees that the total, average, and marginal products of labor 
increase as larger and larger tracts of land are used —that is, as the fixed input 
is expanded relative to the variable input. 

Up to a point! But just as too many workers per acre of land make cultivation 
too intensive, too many acres of land per worker make cultivation too extensive. 
Instead of viewing acres per tract as the fixed input, we can regard workers per 


Acres 

per 

tract Output In bushels 

pc lie sn iia ŘŘŮ— 

8 9 46 69 92 109 124 136 144 

7 13 46 69 91 108 123 134 140 

6 16 42 66 ' 88 4106 120 128 132 

5 15 37 60 80 100 113 120 121 

4 13 31 54 72 85 93 95 95 

3 10 24 39 52 61 66 66 64 

2 6 12 17 21 24 26 254 24} 

1 3 6 8 9 10 10 9 7 

Se ESAN S EA 

1 2 3 4 5 6 7. 8 


Workers per tract of land 


*Notice that this production schedule does not represent a production function homo- 
geneous of degree one: Linear homogeneity implies that the diagonal elements are 
multiples of one another. For example, since (1,1) is 3, (2,2) should be 6, rather than 


12, and so forth, 
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tract as fixed and the number of acres per tract as variable. We then read up the 
columns rather than across the rows; but the same fundamental physical relations 
are exhibited. 

With one worker per tract, output increases as the size of the tract increases 
until 6 acres per tract is reached, Thereafter, total output declines and the mar- 
ginal product of land is negative. As the number of workers per tract is expanded, 
thus diminishing the land—labor ratio for each given acreage, total product ex- 
pands continuously beyond 3-acre tracts. Total product in these cases does not 
reach a maximum in the range shown in this example, But in each case the point 
-of diminishing marginal returns is reached: thereafter, output expands at a de- 

~ creasing rate, 


Input Substitution 
7b 


Table 7.1.1 illustrates that the basic empirical principles of physical production 
hold whether workers per tract are varied with acres Per tract constant or whether 
acres per tract are varied with workers Per tract constant. It also depicts another 
very important physical relation between inputs: the same amount of total output 
may be produced by different input combinations, For example, an output of 
66 bushels can be produced by using six workers on 3 acres of land or by using 
three workers on 6 acres, Similarly, 120 bushels can be produced either by seven 
workers on 5 acres or by six workers on 6 acres. 

In this example no more than two different input combinations can be used to 
produce the same output, In a more general, continuous case, however, a given 
level of output can be produced by a wide variety of different input combinations. 
In other words, one input may be substituted for another in producing a specified 
volume of output. One of the important tasks of the entrepreneur is to select the 
Particular input combination that minimizes the cost of producing any given level 
of output. The chief purpose of this chapter is to show how this is done. A 
real-world example is provided in the newspaper article at the beginning of this 
chapter, 


Example: As already mentioned, the theory of production can be used to 
describe services as well as goods. That is pursued in this example. 

Consider a law firm that specializes in writing contracts between merging 
firms. Writing. these contracts requires two skills. First, economic issues must 
be addressed, For example, it is important to know whether sharing profits 
equally will provide each division with the appropriate incentives to hold up its 
end. Second, the terms must be carefully worded so that they are understood 
by both parties and leave no room for error later. A 

Economists are best suited to deal with the first set of issues and lawyers 
are best able to deal with the last. Still, each can work on the other's area, at 
least to some extent. Thus, we can think of two variable factors as 
@conomist-hours worked and lawyer-hours worked. The technology of contract 
Production can be written as . 


Number of contracts = (Economist-hours)'2 (Lawyer-hours)'? 
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Table 7.1.E.1 presents some outcomes of different choices of each typeof 
worker's hours. For example, if 5 hours of lawyer time is used and 3 hours of 
economist time is used, 3.9 contracts can be written. 

Suppose that lawyers’ and economists’ time cost the same amount. Then 
the efficient output is given along the diagonal, To see this, note that the 
3.9 contracts produced required 8 hours of labor, But if the same 8 hours were 
made up of 4 hours of economist's time and 4 hours of lawyer's time (instead 
of the 3 and 5 hours), 4.0 contracts could be produced. The cost would be the 
same since all hours cost the same amount, but the amount produced would 
be greater, It is not generally true that efficient production implies use of inputs / 
in equal proportion, but in this case, where hours cost the same and the 
production function is symmetric, that is the outcome. | 


Two points are illustrated: First, it is as casy to use production theory to dis- 
cuss services as it is to use it to discuss goods. Second, production theory can 
assist us in understanding the way to achieve the highest level of productivity 
-for a given cost, Alternatively, it allows us to understand how firms choose in- 

_ put allocations from a very larger number of possibilities. 


coe SURFACE 


Selection of the least-cost input combination requires knowledge of substitution 
possibilities and of relative input prices. For an individual producer, the input 
prices are given by market forces of supply and demand. Input substitution is the 
center of our interest. To get at an explanation requires the use of a device much 
like the one used in Part | to describe a consumer's preference surface. In the 
theory of consumer behavior we used equal-satisfaction contour lines, or indiffer- 
ence curves. Here we use equal-output contours, or isoquants. 
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-Production Surface for Discrete Case 
7.2.a 


As an introduction, first look at the toial production surface. Figure 7.2.1 is a 
graph of the discrete production function given earlier in Table 7.1.1. The height 
of the rectangular blocks indicates the volume (bushels of output). By following 
the heights visually in either “horizontal” direction, one may see how the total 
product curve is shaped for a fixed amount of one input and variable amounts of 
the other. But as we have already observed in this example, substitution possi- 
bilities are very limited. In certain cases two different input combinations yield 
the same output. However, this example is too discrete to illustrate a wide range 
of production possibilities. 


Production Surface for Continuous Case 


For this purpose a continuous production function is required. Let us imagine a 
manufacturing process that requires two inputs — labor and capital —to produce 
a specific commodity. The production function for this good is continuous; it can- 
not, therefore, be shown conveniently in tabular form. However, either a mathe- 
matical or a graphical representation is suitable.' We have already introduced a 
mathematical version of a continuous production function in Example 7.1. 

A continuous production function is shown in Figure 7.2.2, a three- 
dimensional diagram in which height measures quantity of output and the two 
“flat” or “horizontal” dimensions measure quantities of the two inputs.’ 

The production surface is OKQL. Any point on this surface represents a 
particular quantity of output. Dropping perpendiculars from the point to the axes 
shows the quantities of inputs required. For example, P is a point on the surface 
and PP’ is the associated volume of output. Drawing perpendiculars to the axes, 
OL, (= K,P') units of labor and OK, (= L, P'’) units of capital are required to 
produce the amount PP’ at this particular point. 

The production surface may be viewed in a different manner. Hold the capital 
input constant at the amount OK,. The total product curve for OK, units of capital 
and variable inputs of labor is K, PF. At labor input OL,, total output is PP’; and 
at labor input OL, total output is FG. The total product curve K, PF rises rapidly 
for small quantities of labor input, reaches a point of maximum slope (the point 
of diminishing marginal physical returns to labor for the given capital input OK;), 
and thereafter increases at a decreasing rate. 

The same statement applies to a typical total product curve for a fixed labor 
input and variable capital usage. Hold the input of labor constant at OL, units. 


*Let Q, K, and L represent the quantities of output, capital, and labor, respectively. The produc- 
tion function may be written Q = f(K,L), where Q//AK and 9Q/AL are the marginal products of 


capital and labor, respectively. 


In constructing Figure 7.2.2 we have assumed that f(K,0) = f(0,L) = f(0,0) = 0. 
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Figure 7.2.1 Physical production surface for example in Table 7.1 1 (output in bushels) 


L, PD is the curve of total output resulting from variable inputs of capital. For 
example, when OK; units of capital are used, output is PP '; when OK units are 


employed, output is DE. 


Production Isoquants 
7.2.c 


Still using Figure 7.2.2, let us determine all the different input combinations 
capable of producing PP’ units of output. To do this, we slice (or “intersect’) the 
production surface OKQL at the height PP’ = AA’ = BB’. This slicing process 
generates the curve APB, a locus of points equidistant (AA’ = PP’ = BB") from 
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Figure 7.2.2 Physical production surface for a continuous production function 
Q 


Quantity of output 


` 
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the K,L plane. By dropping perpendiculars from each point on the APB curve to 
the XL plane, one obtains the input combinations associated with each point. In 
other words, the curve APB is projected onto the K,L plane, generating the curve 
A'P'B’, The latter is a locus of points each of which represents a combination 
of inputs capable of producing the stipulated quantity of output PP’ = AA' = 
BB' = RR’. For examples, the following three combinations of capital and labor 
are points on the curve A'P'B': OK, KA'; OK,, OL,; LB", OL. 
The curve A'P'B' is called an isoquant. 


lsoquant: An isoquant is a curve in input space showing all possible 
combinations of inputs physically capable of producing a given level of output. 
The entire three-dimensional production surface can be exactly depicted by a 
two-dimensional isoquant map. The word derives from the root “iso” for 
constant and “quant,” which is short for quantity. 


A portion of an isoquant map, derived from a production surface such as 
OKQL in Figure 7.2.2, is shown in Figure 7.2.3.3 The two axes measure the 


—— 


`The excluded portion of the isoquant map is.discussed in subsection 7.3.c. 
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Figure 7.2.3 Typical set of isoquants 


Capital 


Labor 


quantities of inputs, and the curves show the different input combinations that can 
be used to produce 100, 200, 300, and 400 units of output, respectively, The 
further northeast a curve lies, the greater is the output associated with it. 

Consider first the isoquant for 100 units of output. Each point on this curve 
shows a capital—labor combination that can produce 100 units of output. For 
example, OX; units of capital and OL, units of labor may be used, or OK, units 
of capital and OL, units of labor, or any other input combination found. by 
dropping perpendiculars to the axes from a point on the curve, 

A ray from the origin, such as OAB or OA'B'C’, defines a constant 
capital—labor input ratio. In particular, the slope of the ray is the input ratio. For 
example, at points A and B, 100 and 200 units of output, respectively, are 
produced at the capital—labor ratio OK,/OL, = OK,/OL,. Similarly, at points 
A’, B', and C’, 100, 200, and 300 units of output, respectively, are produced at 
the capital—labor ratio OK;/OL, = OK,/OL, = OK;/OLs. 

Along the ray OAB, various levels of output are producible by the same input 
ratio; the magnitude of the inputs increases as one moves out along the ray but 
the capital-labor ratio remains unchanged. This contrasts clearly with move- 
ments along an isoquant. In this case the level of output remains unchanged and 
the capital—labor ratio changes continuously. 

These points may be summarized as follows. 


Relations: An isoquant represents different input combinations, or input 

ratios, that may be used to produce a specified level of output. For movements 

along an isoquant, the level of output remains constant and the input ratio 

changes continuously. A ray from the origin defines a specific, constant input 

ratio. For movements along a ray, the level of output changes continuously and 
a the input ratio remains constant. 
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Fixed-Proportions Production Functions 


Using isoquants, it is easy to illustrate the case of fixed-proportions production 
functions, briefly mentioned in Chapter 6. Recall that production is subject to 
fixed proportions when one, and only one, combination of inputs can produce a 
specified output.* For example, consider the production process illustrated in 
Figure 7.2.4. Two inputs, capital and labor, must be used in the fixed ratio 2:3. 
That is, 2 units of capital and 3 units of labor are required to produce 100 units 
of output. Fixed-proportions technology does not imply constant returns to scale; 
it implies only that to produce 100 units 2 units of capital and 3 units of labor 
must be used. There is no possibility of using, say, 3 units of capital and 2 units 
of labor. 

It might be the case that 4 units of capital and 6 units of labor must be used 
to produce 150 units of output. Fixed proportions would’be required, but there 
would be diminishing returns to scale because a doubling of inputs resulted in less 
than a doubling of output. Constant returns to scale, in addition to fixed- 
proportions technology, implies that 4 units of capital and 6 units of labor can 
produce 200 units of output; 6 units of capital and 9 units of labor can produce 
300 units: and so on. 

The required capital—labor ratio is shown by the slope of the ray OR in Fig- 
ure 7.2.4. Isoquants are constructed for 100, 200, and 300 units of output. Rather 
than taking the more conventional shape shown in Figure 7.2.3, the isoquants for 
fixed-proportions processes are L-shaped curves. This illustrates, for example, 
that if 3 units of labor and 2 units of capital are employed, 100 units of output 
are obtainable. However, if the quantity of capital is expanded and labor input is 
held constant. no additional output can be obtained. Similarly, if capital input 
is held constant and labor expanded, output is unchanged. In other words, 
the marginal product of either labor or capital is zero if its usage is expanded 
while the other input is held constant. But since we usually think of fixed- 
proportions technologies as also having constant returns fo scale, doubling inputs 
at the required ratio doubles output; trebling inputs at the required ratio trebles 
output, etc.° 

A rather realistic case is that in which many, but not an infinite number of, 
different fixed-proportions processes are available. For example, Table 7.2.1 
contains an example of the production of a commodity for which five different 


“A fixed-proportions, constant-returns-to-scale, production function, which is frequently called a 
Leontief function, may be represented by 
Q = minimum [(K/a), (L/B)), 


where @ and £ are constants and “minimum” means that Q equals the smaller of the two ratios. For 
a detailed treatment of the fixed-proportions case, see C. E. Ferguson, The Neoclassical Theory of 
Production and Distribution (London and New York: Cambridge University Press. 1969), chaps. 
diii. 

“It is readily seen from the Leontief function in footnote 4 that such fixed-proportions production 
functions are homogeneous of degree one; that is, these functions reflect constant retums to scale. 
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Figure 7.2.4 lsoquant map for fixed-proportion 
Production ancien # Tenian 


Capital 


“Table 7.2.1 Production when several fixed-proportions processes are available 


Capital Capital Labor Total 

Ray labor ratio input Input output 
OA 11:1 11 1 100 
22 2 200 
08 8:2 8 2 100 
16 4 200 
oc 5:4 5 4 100 
10 8 200 
OD 3:7 3 7 100 
6 14 200 
OE 1:10 1 10 100 
ay 20 200 


fixed-proportions processes are available. The 100-output isoquants, together 
with the capital—labor ratio rays, are plotted in Figure 7.2.5. 

Heavily shaded straight lines have been drawn to connect the different possible 
input combinations. Each of the points on this kinked line represents an input 
combination capable of producing 100 units of output. The kinked line ABCDE 
looks very much like the “normal” isoquant shown in Figure 7.2.3. It is different, 
however, in that no input combination lying on the arc between A and B, B and 
C, etc., is itself directly a feasible input combination. For example, it is: not 
possible to produce 100 units of output by one process using 7.25 units of capital 
and 2.5 units of labor. 
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Figure 7.2.5. |soquant map when five 
fixed-proportions processes are available 


Capital 


On the other hand, if input units are sufficiently divisible, any particular input 
ratio— represented by a point on the kinked line —can be achieved. All that is 
required is the proper combination of the two fixed-proportions processes with 
which it is most closely associated. For example, suppose a producer wished to 
obtain 100 units of output by using 7.25 units of capital and 2.5 units of labor. 
This could be achieved by producing 75 units of output by the process repre- 
sented by the ray OB and 25 units by the process OC. To produce 75 units at the 
8:2 ratio requires 6 units of capital and 1.5 units of labor. Producing 25 units at 
the 5:4 ratio requires 1.25 units of capital and 1 unit of labor. Thus 100 units of 
output can be produced at the desired ratio 7.25:2.5 by combining the two 
processes represented by the rays OB and OC. 

Finally, suppose there are many fixed-proportions processes by which a given 
level of output can be produced. Instead of the five points in Figure 7.2.5,-there 
would be many points. Similarly, there would be many straight-line facets of the 
type AB, BC, etc. As the number of processes increases, the kinked line looks 
more and more like a typical isoquant. Indeed, an isoquant depicting a variable- 
proportions production function is just the limiting case of fixed-proportions 
processes as the number of processes increases without bound. 

This argument, in fact, constitutes one rationale for the use of smooth iso- 
quants and variable-proportions production functions in economic theory. Many 
manufacturing processes may be characterized by fixed, or almost fixed, propor- 
tions; however, many different fixed-proportions processes are available. Con- 
structing smooth isoquants rather than multiple facet lines simplifies analysis 
while leading to relatively unimportant departures from real-world conditions. 
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INPUT SUBSTITUTION 
7.3 


One of the chief features of production under conditions of variable 
proportions —or a large number of alternative fixed-proportions processes — is 
that different combinations of inputs can produce a given level of output. In other 
words, one input can be substituted for another in such a way as to maintain a 
constant level of output. Great theoretical and practical importance attaches to the 
rate at which one input must be substituted for another so as to keep output 
constant and to the proportionate change in the input ratio induced by a given 
proportionate change in the rate of substitution. 


vargina, Rate of Technical Substitution 
3.8 


Consider a representative isoquant I, in Figure 7.3.1. P and R are two of the 
many different input combinations that may be used to produce the I; level of 
output. If production occurs at P, OK, units of capital and OL, units of labor are 
required. OK; units of capital and OL; units of labor are required for production 
at R. Thus, P is associated with the capital—labor ratio given by the slope of 
OP = OK,/OL, and R with the capital—labor ratio given by the slop. of 
OR = OK,/OL;. 

If there is a change from P to R, the same level of output is produced by using 
more labor and less capital —labor can be substituted for capital by moving from 
P toR, and vice versa. The rate at which labor can be substituted for capital over 


the arc PR is given by 


_ OK, — OK, _ PS 
OL,;- OL, SR’ 
where the minus sign is affixed so as to yield a positive number. Stated alterna- 
tively, the rate of substitution is the change in capital usage divided by the change 
in labor usage. 

As the-distance from P to R diminishes, the slope of the curvilinear segment 
PR approaches the slope of the tangent TT” at point P. In the limit, for a very tiny 
movement in the neighborhood of F, the slope of the tangent at P measures the 
rate of substitution. In this case — for small movements along I, — it is called the 
marginal rate of technical substitution, just as the slope of a consumer’s indiffer- 
ence curve is called the marginal rate of substitution in consumption. . 

Next, suppose labor input is held constant at the OL, level while the input of 
capital is increased from OK; to OK,. Output would increase from the I; level (say 
Q) to the I; level (say Q,). The marginal product of capital is, of course, the 
increase in output per unit increase in input, or 
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Figure 7.3.1 Marginal rate of technical substitution 
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Since OK, — OK, = PS, the marginal product of capital is 
Q: = Q 


PS 
Now return to the I, level and hold capital input constant at OK, while 
increasing labor input from OL, to OL2, or by the amount SR, The marginal 
product of labor for this change is 
Qi -Q 


SR 
The ratio of the marginal product of labor to that of capital is 


Qi = Qr | Qr~ Q: _ PS 
SR PS see 


the rate of substitution of labor for capital. Thus in the limit, as the distance from 
P to R becomes very smali, the marginal rate of technical substitution of labor 
for capital is equal to the ratio of the marginal product of labor to the marginal 
product of capital. 

These results may be summarized as follows: 


Relations: The marginal rate of technical substitution measures the reduction 
in one input per unit increase in the other that is just sufficient to maintain a 
constant level of output. The marginal rate of technical Substitution of input X 
for input Y at a point on an isoquant is equal to the negative of the slope of the 
isoquant at that point. It is also equal to the ratio of the margirial product of 
input X to the marginal product of input Y. 
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Piminishiag Marginal Rate of Technical Subsutution 


A. «.tvady defined, the marginal rate of technical substitution is the ratio of the 
marginal product of labor to the marginal product of capital. As labor is substi- 
tuted for capital, the margina: product of labor declines and the marginal product 

/ of capital increases.‘ Hence the marginal rate of technical substitution of labor for 
capital declines as labor is substituted for capital so as to maintain a constant level 
of output. This may be summarized as follows: 


Relation: As labor is substituted for capital along an isoquant (so that output 
is unchanged), the marginal rate of technical substitution declines. 


The fact that the marginal rate of technical substitution falls as labor is . 
substituted for capital means that isoquants must be convex (that is, in the 
neighborhood of a point of tangency, the isoquant must lie above the tangent 
line).’ This is illustrated in Figure 7.3.2. 

Q, R, S, and T are four input combinations lying on the isoquant I. Q has the 
combination OK, units of capital and 1 unit of labor; R has OK; units of capital 
and 2 units of labor; and so on. For the movement from Q to R, the marginal rate 
of technical substitution of labor for capital is, by formula, 

_ OK = OK, = OK, - OK. 
Eeg 
Similarly, for the movements from R to § and $ to T, the marginal rates of 
technical substitution are OK, — OK; and OK, — OK,, respectively. 

Since the marginal rate of technical substitution of labor for capital diminishes 
as labor is substituted for capital, it is necessary that OK, - OK, > OK, - 
OK; > OK; — OK;, Visually, the amount of capital replaced by successive units 
of labor will decline if, and only if, the isoquant is convex. Since the amount must 
decline, the isoquant must be convex. 


Relation: |soquants must be convex at every point in order to satisfy the 
principle of diminishing marginal rate of technical substitution. 


Economic Region of Production 
7.3.¢ 


Many production functions lead to initial isoquant maps such as shown in Fig- 
ure 7.2.3. Others, however, generate an isoquant map such as that shown in 
Figure 7.3.3. It is like the map in Figure 7.2.3 in that the isoquants do not 


“This is not universally true but it will typically be the case in the economic region of production 
as will be seen shortly. 


“Although it is not true that isoquants must be convex, the nonconvex portion of the isoquant is 
irrelevant since the firm never chooses an allocation of capital and labor in that region. It can always 


do better by skipping over the nonconvexity. 
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range of production 
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intersect; the higher the isoquants the greater the level of output; and over a range 
of input values they are negatively sloped. The only difference lies in the fact that 
the isoquants in Figure 7.3.3 “bend back upon themselves,” or have positively 
sloped segments. 

The parallel dashed lines in Figure 7.3.3 indicate the points at which the 
isoquants bend back upon themselves. The lines OC and OL join these points and 
form, as we will see, the boundaries for the economic region of production (or 
the stage II region). 

Suppose the quantity represented by isoquant I, is to be produced. Producing 
this amount requires a minimwm of OK, units of capital, inasmuch as any smaller 
amount would not permit one to attain the I, level of output. With OK, units 
of capital, OL, units of labor must be used. Beyond this level of input, addi- 
tional units of labor in combination with OK, units of capital would yield a 
smaller level of output: To maintain the 1, level of output with a greater labor 
input would require a greater input of capital as well—a palpably uneconomic 
use of resources. 

Since an expansion, of labor input beyond OL,, in'the face of the constant 
capital input OK,, reduces total output, point A on l; represents the intensive 
margin for labor. Its marginal product is zero, and hence the marginal rate of 
technical substitution of capital for labor is zero. This is shown by the horizontal 
tangent at point A. At this point labor has been substituted for capital to the 
maximum extent consistent with the level of output l. 

Similarly, producing at the I, level requires a certain minimum input of labor, 
OL; in Figure 7.3.3. The I, level cannot be attained without at least this much 
labor; and with this minimum amount additions to capital input beyond OK} 
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would reduce rather than augment output. Thus the marginal product of capital 
is zero at point B and negative for quantities in excess of OK ; units (in combina- 
tion with OL, units of labor). Since the marginal product of capital is zero, the 
marginal rate of substitution of labor for capital is infinite or undefined at this 
point; capital is used to its intensive margin. 

By connecting the points of zero marginal labor product, the line OL is 
formed. Similarly, OC is the locus of points for which the marginal product of 
capital is zero. Production must take place within this range. Hence the “ridge” 
lines OL and OC separate the economic from the uneconomic regions of produc- 
tion. To summarize: 


Relations: If the production function is such that the total isoquant map is like 
the one in Figure 7.3.3, then only those portions of the isoquants lying between 
the ridge lines (the loci of zero marginal products) are relevant to production. 
These economic portions of the isoquants are uniquely associated with stage || 
production of each input. 


Stage I production for any input conforms to the region of rising average 
product; and if average product rises, marginal product must exceed average 
product. Since a stage I area must be present to generate the isoquant map shown 
in Figure 7.3.3, the “normal” set of product curves — -as shown in Figure 7.3.3 — 

-must be associated with the production function giving rise to this isoquant map. 
This “normal” set of product curves is reproduced in Panel A, Figure 7.3.4." 

Some production functions, however, generate isoquant maps such as that in 
Figure 7.2.3. There is neither a stage I nor a stage III range for either input. The 
entire production function represents stage II, or the economic region. Marginal 
and average products decline continuously, but neither reaches zero because there 
is not a maximum point on the total product curve. Such a production function 
is shown in Panel B, Figure 7.3.4. The average and marginal product curves 
begin some distance from the origin. This is a mere convenience, They are both 
defined for infinitesimally small amounts of input; but at input levels less than 
unity, average and marginal products exceed total product. 

The importance of production functions giving rise to the product curves of 
Panel B is an empirical question. For expository purposes, production functions 
of the type shown in Panel A are generally used. In empirical, statistical, and 
econometric applications, however, a broad class of production functions such as 
shown in Panel B are most often used. The distinction, in fact, is relevant only 
in theory because observed production relations are always those of stage Il. 


"We “superimpose” total product, average product, and marginal product curves on the same 
graph for purposes of comparison. Since these are measured differently (total product is units of 
output while average and marginal product are units of output per unit of input of the productive 
factor), we are using different scales on the vertical axis. 
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OPTIMAL COMBINATION OF RESOURCES 
A 


So far, the theory of production has beeu analyzed from the standpoint of an 
individual entrepreneur. However, nothing has been said regarding the optimal 
way in which the entrepreneur should combine resources. Any desired level of 
output can normally be produced by a number of different combinations of 
inputs. Our task now is to examine how the producer selects a specific input 
combination. 


Input Prices and Isocosts 
74.a 


Inputs, just as outputs, bear specific market prices. In determining the operating 
input combination, a producer must pay heed to relative input prices in order to 
minimize the cost of producing a given output or maximize output for a given 
level of costs. In the long run the producer must do this to obtain the maximum 
attainable profit. 

We have already hinted at the importance of input prices for the determination 
of input choice in Example 7.1. There, we assmed that both types of labor cost 
the same amount per hour of use, so that the problem boiled down to selecting 
the most productive allocation in physical terms. That is not true in general. For 
example, if economist time cost twice as much as lawyer time, economists would 
have to be at least twice as productive to justify their use. 
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Input prices are determined, just as the prices of goods are, by supply and 
demand in the market. For producers who are not monopsonists or oligopsonists, 
input prices are given by the market. Let us now concentrate upon a producer who - 
is a perfect competitor in the input market, but possibly a monopolist or azı 
oligopolist in the output market. (Consideration of monopsony and oligopsony is 
deferred to Chapter 15.) 

Let us continue to assume that the two inputs are labor and capital, although 
the analysis applies equally well to any two productive agents. Denote the 
quantity of capital and labor by K and L, respectively, and their unit prices by 
r for rent and w for wage.” The total cost, C, of using any volume of K and L 
is C = rK + wL, the sum of the cost of K units of capital at r per unit and of 
L units of labor atw per unit. 

To take a more specific example, suppose capital costs $1,000 per unit 
(r = $1,000) and labor receives a wage of $2,500 per labor-year (w = $2,500). 
If a total of $15,000 is to be spent for inputs, the following combinations are 
possible:. $15,000 = $1,000K + $2,500L, or K = 15 — 2.5L. Similarly, if 
$20,000 is to be spent on inputs, one can purchase the following combination: 
K = 20 — 2.5L. More generally, if the fixed amount C is to be spent, the 
producer can choose among the combinations given by 


Kee ty. 
iit 

This is illustrated in Figure 7.4.1. If $15,000 is spent for inputs and no labor 
is purchased, 15 units of capital may be bought. More generally, if C is to be 
spent and r is the unit cost, C/r units of capital may be purchased. This is the 
vertical-axis intercept of the line. If 1 unit of labor is purchased at $2,500, 
2.5 units of capita! must be sacrificed; if 2 units of labor are bought, 5 units of 
capital must be sacrificed; and so on. Thus as the purchase of labor is increased, 
the purchase of capital must be diminished: For each additional unit of labor, w/r 
units of capital must be forgone. In Figure 7.4.1, w/r = 2.5. Attaching a nega- 
tive sign, this is the slope of the straight lines constructed in this graph. 

The solid lines in Figure 7.4.1 are called isocost curves because they show the 
various combinations of inputs that may be purchased for a stipulated amount of 


expenditure. In summary: 
Relation: At fixed input prices r and w for capital and labor, respectively, a 
fixed outlay C will purchase any combination of capital and labor given by the 
following linear equation: 


K=--— 
F 


°Various interpretations may be used. One simple interpretation is to suppose that capital is rented 
and r is the rental price. Even if capital is owned rather than rented, this interpretation is useful 
because by using it rather than renting it to someone else, the entrepreneur forgoes a rental payment 
of rK. This concept of “opportunity” cost will be discussed in Chapter 8. 
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Figure 7.4.1 |socost curves for r = $1,000 and 
w = $2,500 


K = 20-25L 
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Labor 


This is the equation for an isocost curve, whose intercept (C/r) is the amount 
of capital that may be purchased if no labor is bought and whose slope is the 
negative of the input—price ratio (w/r). 


Maximizing Output for a Given Cost 


4.1 e 


Suppose at given input prices r and w, a producer can spend only C on produc- 
tion. Subject to this input cost, the producer wishes to operate efficiently by 
producing the maximum attainable output. Thus, among all input combinations 
that can be purchased for the fixed amount Ç, the producer seeks the one that 
results in the largest level of output. 

Let the given levei of cost C be represented by the isocost curve KL in Fig- 
ure 7.4.2. The slope of KL is equal to the (negative) ratio of the price per unit 
of labor to the price per unit of capital. 1, Iz, and I, are isoquants representing 
various levels of output. First, observe that the I; level of output is not obtainable 
because the available input combinations are limited to those lying on or beneath 
the isocost curve KL. 

Next, the producer could operate at points such as R and S. At these two 
points, the input combinations required to produce the I, level of output are 
available for a given cost represented by the isocost KL. In this case, however, 
output can be increased without incurring additional cost by the selection of a 
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Figure 7.4.2 Optimal input combination to maximize 
output subject to a given cost 


Capital 


more appropriate input combination. Indeed, output can be expanded until the I, 
level is reached—the level at which an isoquant is just tangent to the specified 
isocost curve. A greater output is not obtainable for the given level of ex- 
penditure; a lesser output is inefficient because production can be expanded at no 
additional cost. Hence the input combination represented by the slope of the ray 
OQ is optimal because it is the combination that maximizes output for the given 
level of cost. 

After studying the theory of consumer behavior, this proposition should be 
more or less obvious. However, a sound reason lies behind it. For a moment, 
suppose the entrepreneur contemplated producing at point R. The marginal rate 
of technical substitution of labor for capital— given by the slope of the tangent 
TT' —is relatively high. Suppose it is 3:1, meaning that one unit of labor can 
replace 3 units of capital at that point. The relative input price, given by the slope 
of KL, is much less, say 1:1. In this case, 1 unit of labor costs the same as | unit 
of capital but it can replace 3 units of capital in production, The producer would 
obviously be better off by substituting labor for capital. The opposite argument 
holds for point S, where the marginal rate of technical substitution is less than the 
input—price ratio. 

Following this argument, the producer reaches equilibrium (maximizes output 
for a given level of cost) only when the marginal rate of technical substitution of 
labor for capital is equal to the ratio of the price of labor to the price of capital. 
The market input—price ratio tells the producer the rate at which one input can be 
substituted for another in purchasing. The marginal rate of technical substitution 
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is the rate at which inputs can be substituted in production. So long as the two 
are not equal, a producer can achieve either a greater output or a lower cost by 
moving in the direction of equality. ° 

Principle: To maximize output subject to a given total cost and given input 
prices, the producer must purchase inputs in quantities such that the marginal 
rate of technical substitution of capital for labor is equal to the input—price ratio 
(the price of labor to the price of capital). Thus 


MATS. wr x = Mae = Y, 


Mnimiang Cost Subject to a Given Output 
4.0 


As an alternative to maximizing output fora given cost, an entrepreneur may seek 
to minimize the cost of producing a stipulated level of output. The problem is 
solved graphically in Figure 7.4.3. The isoquant I represents the stipulated level 
of output, while Cı, C2, and C, are isocost curves with the same slope 
(input—price ratio). . 

First, notice that the level of cost represented by C, is not feasible because the 
I level of output is not physically producible by any input combination available 
for this outlay. Next, the I level could be produced, for example, by the input 
combinations represented by the points R and S, both at the cost level C;. But by 
moving either from R to Q or from § to Q, the entrepreneur can obtain the same 
output at lower cost. ; 


"Let MPx be the marginal product of K and let MP, be the marginal product of L. If capital is 
changed by a small amount AK, the resulting change in output will be 


MP, AK J 


{ and capital costs will change by rAK. If total cost is to remain constant, the change in labor costs must 


exactly offset this change in capital costs or 
wAL = —rAK. 
The change in output resulting from this change in labor input will be 


MPLAL = -“MP,AK . 
The net change in output is the sum of these two changes or 
AQ = (we, E up,)an. 
w 


If the bracketed expression is positive, an increase in K will increase output; and if the bracketed 
expression is negative, a decrease in K will increase output. Hence, at maximum output, the bracketed 
expression must be zero or 

MP, w 


MP, or” 
By definition, the left side of this expression is MRTS;, w x as stated in the text. 
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Figure 7.4.3 Optimal input combination to minimize 
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By the very same arguments used in subsection 7.4.b, a position of equi- 
librium is attained only at point Q where the isoquant is just tangent to an isocost 
curve. Thus in equilibrium the marginal rate of technical substitution of labor for 
capital must equal the ratio of the price of labor to the price of capital. The 
previous principle may thus be elaborated. 


Principle: In order either to maximize output subject to a given cost or to 
minimize cost subject to a given output, the entrepreneur must employ inputs 
in such amounts as to equate the marginal rate of technical substitution and 
the input—price ratio. 


og EXPANSION PATH 


The object of an entrepreneur is to maximize profit. Among other things, this 
involves organizing production in the most efficient or economical way. This 
requires, as we have now seen, adjusting factor proportions until the marginal 
rate of technical substitution equals the factor—price ratio—or what is the same, 
adjusting factor proportions until the marginal product of a dollar’s worth of each 
input is the same- When this task is accomplished, equilibrium is attained at a 
point such as Q in Figures 7.4.7 and 7.4.3. 

Now let us digress for a moment to recall the procedure we used when studying 
the theory of consumer behavior. First, the position of consumer equilibrium was 
established. Then we posed and answered the following question: How will the 
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NUMERICAL EXERCISES 


According to the principles in this chapter, in order to minimize cost 
for any given output level, a producer should combine inputs such 
that 


SMP. Pe 
MRTS = MP, P 
or equivalently, 
MP, _ MPs 
P, Pr~ 


This latter formula gives rise to the statement that “factor proportions 
should be adjusted until the marginal product (MP) of a dollar's 
worth of each input is the same.” 


Questions 
1. Suppose you produce a product (Q) using inputs of labor (L) 
and machines (K). Your chief engineer comes to you and 
reports the following information about your production 
situation. 


Q K L Q K L 
490 15 99 470 14 100 
500 15 100 500 15 100 


If the price of L is $5 per unit, and the price of K is $10 per 
unit, does the input combination of 15 K and 100 L repre- 
sent the least-cost method of producing output of 500? If 
not, should you use more L and less K, or less L and 
more K? 

2. Suppose you inform the engineer of your analysis and deci- 
sion. A month later he comes back with the following infor- 
mation about your production situation: 


Q K L Q K L 
487.5 17 89 475 16 90 
500 17 90 500 17 90 
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Solutions 


Is the combination of 17 K and 90 L the cost-minimizing 
proportions of L and K to use to minimize the cost of pro- 
ducing 500? If so, demonstrate that the total cost (TC) of 
producing Q of 500 has been reduced. Also illustrate the situ- 
ation on the isocost-isoquant diagram of question 1. 


From this information, the MP of your 100th worker equals 
10 (output increased from 490 to 500 when L was increased 
from 99 to 100, the number of machines held constant), The 
MP of your 15th machine was 30 (output increased from 
470 to 500 when the number of machines went from 14 to 
15, with workers held constant at 100). This implies that the 
extra output per dollar worth of labor equals 2 (10/5), while 
the extra output per dollar worth of machinery was 3. 
(30/10). As a result, you are not cost minimizing. Alterna: 
tively, the MRTS, x = 10/30, while the ratio input prices 
equals 5/10, or 1/2. As a result, you should use more of 
the input where the extra output per dollar is greater and less 
of the input where the extra output per dollar is less. In this 
case, this implies that you should produce output of 500 us- 
ing more than 15 units of K and less than 100 units of. L. 
Diagrammatically, the current situation is at point A in the 
diagram below: 


(continued on page 198) } 
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NUMERICAL EXERCISES 


(continued from 197) 
Since the slope of the isoquant is less than the slope of the 
isocost at the current input combination, yov should move 
along the isoquant until the MRTS increases to the ratio of 
the input prices. This requires more K and less L. 

2. The MP of the 90th worker now equals 12.5, while the MP 
of the 17th machine equals 25. As a result, the ratio of the 
MP of L to K is just equal to the ratio of these input prices. 
Thus, 90L and 17 K must be the cost-minimizifig combina- 
tion of inputs to use to produce output of 500. Total cost in 
question 1 was equal to 100 x $5 +15 x $10, or $650 
(Why?) Total cost in question 2 equals 90 x $5 + 17°x 
$10, or $620. You have moved from point A along the iso- 
quant (500) to point B. As a result you are now producing 
on the isocost associated with total cost equal to $620. 


peas The OY" °c pian eee 


combination of goods be changed when price or income changes? We now pose 
the same type of question from the standpoint of a producer; How will factor 
proportions change when output changes? 


isoclines 

7.5.a 

Consider Panel A, Figure 7.5.1. The curves I, II, and II are isoquants depicting 
a representative production function. T., T}, and T; are tangents to I, II, and HI, 
respectively; and the tangents have been constructed so that they are parallel to 
one another. That is, the marginal rate of technical substitution of labor for capital 
is the same at points A, B, and C. These points have been eepie by a smooth 
curve labeled OS, which is called an isocline. 


Isocline: An isocline is a locus of points along which the marginal rate of 
technical substitution is constant. 


In general, isoclines may have almost any shape. The one in Panel A has been 
constructed so as to ramble through the isoquant map. The special isoclines in 
Figure 7.3.3 have a very regular shape. We may now pause to point out the 
following: 


Relation: The “ridge lines” defining the economic region of production are 
isoclines inasmuch as the marginal rate of technical substitution is constant 
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along the lines. In. particular (see Figure 7.3.3), OC is the isocline along which 
the marginal rate of technical substitution of labor for capital is infinite; OL is 
the isocline along which it is zero. 


Now turn to Figure 7.5.1, Panel B. The difference between this and Panel A 
is that the isoclines are rays from the origin. An isoquant (or indifference curve) 
map that displays this property is said to be homothetic. All production functions 
that have constant returns to scale are homothetic and have isoclines that are rays 
from the origin, The isoquants are parallel in that the slope of the isoquant along 
any ray from the origin is the same on all points along that ray. This leads to the 
following: 


Relations; The isoclines associated with production functions homogeneous 
of degree one are straight lines, Therefore, since ridge lines are special 
isoclines, the ridge lines associated with linearly homogeneous production 
functions are straight lines (providing, of course, that the function under 
consideration gives rise to an uneconomic region)."’ 


"AIl production functions that are homogeneous of any degree exhibit homotheticity. To see this, 
note that a production function, f(K, L) is homogeneous of degree h if 


SAK, AL) = A"f(K, L). 

Let A = 1/L so that 
FAK, AL) = f(K/L, 1) = (K/L). 

Now, since output, O = f(K, L), 
dQ = (af/aK) dK + (af/aL) dl. . 

Since Q is constant along an isoquant, dQ = 0, so 
aK) — ~df/aL 
lo affaK 

Also, since A = 1/L, 


= MRIS, tor x - 


1 
JK, L) = pe E/L) 


= L’g (K/L). 

Thus, 

of jo 2 aed 

are L'g'{K/L)(—K/L*) + hL"”'9(K/L) 
and 

hii +) 

R ER «mwl 7 
so 


ley we 
Llo L g'(K/L) 


which is constant for any given K/L. Therefore, the slope along an isoquant depends only on the 
capital-labor ratio and is therefore constant along any ray from the origin. Thus, it is homothetic. 
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Changing Output and the Expansion Path 


D. 


Turn now to Panel A, Figure 7.5.2. Given the input prices, the output correspond- 
ing to isoquant I can be produced at least cost at point A, where the isoquant is 
tangent to the isocost curve KL. This is the position of producer equilibrium. With 
input prices remaining constant, suppose the entrepreneur wishes to expand 
output to the level corresponding to the isoquant II. The new equilibrium is found 
by shifting the isocost curve until it is tangent to II. Since factor prices remain 
constant, the slope of the isocost curve does not change. Hence it shifts from KL 
to K'L'. Similarly, if the entrepreneur wished to expand output to the amount 
corresponding to the isoquant III, production would be at point C on Ill and 
RLS 

Connecting all points such as A, B, and C generates the curve OE. Now let 
us assemble some facts. First, factor prices have remained constant. Second, each 
equilibrium point is defined by equality between the marginal rate of technical 
substitution and the factor—price ratio. Since the latter has remained constant, so 
has the former. Therefore, OE is an isocline, a locus of points along which the 
marginal rate of technical substitution is constant. But it is an isocline with 
a special feature. Specifically, it is the isocline along which MRTS, to x equals 
the existing factor—price ratio. Accordingly, we may formulate this result as a 
definition. 


Expansion Path: The expansion path is the particular isocline along which 
output will expand when factor prices remain constant. The expansion path 
thus shows how factor proportions change when output or expenditure 
changes, input prices remaining constant throughout. 
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Turn now to Panel B. Since the isoclines of a homothetic production function 
are straight lines, the expansion path is also. This permits the following statement: 


Relation: The expansion path corresponding to a production function with 
constant returns to seale is a straight line. This reflects the fact that with 
homogeneity, factor proportions depend only upon the factor-price ratio (the 
slope of the isocost curve); and, in particular, factor proportions are 
independent of the level of output. 


As we shall see in Chapter 8, the expansion path is crucial in determining the 
long-run cost of production. 


& 
Expenditure Elasticity” 
7.5.¢ 


In Chapters 3 and 5 the income elasticity of commodity demand was discussed. 
In particular, income elasticity was related to the income—consumption curve; 
and commodities were classified as superior, normal, or inferior according as 
income elasticity exceeds unity, lies in the unit interval, or is negative. The 
expenditure elasticity of a factor of production is an analogous concept: its 
measurement is restricted to the expansion path; and factors are classified as 
superior, normal, or inferior according as the corresponding expenditure elas- 
ticity exceeds unity, lies in the unit interval, or is negative. 
Let us begin with the following: 


pee 

"For a mathematical elaboration of this subsection, see C. E. Ferguson and Thomas R. Saving, 
“Long-Run Scale Adjustments of a Perfectly Competitive Firm and Industry,” American Economic 
Review 59 (1969), pp- 774-83. 


Chapter 7 Production and Optimal Input Proportions: Two Variable Inputs 201 


A LOOK AHEAD 
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Expenditure Elasticity: Consider a factor of production, X. The expenditure 
elasticity of X is the relative responsiveness of the usage of X to changes in 
total expenditure. In other words, the expenditure elasticity of X is the 
Proportional change in the usage of X divided by the proportional change in 
total expenditure. In this definition changes in total expenditure are restricted 
to movements along the expansion path. 


Symbolically, the formula for the expenditure elasticity is 


where x is the usage of factor X and c is total expenditure on factors of production. 
Next we introduce another definition. 


Superior, Normal, and Inferior Factors: A factor of production is said to be 
superior, normal, or inferior according as its expenditure elasticity exceeds 
unity, lies in the unit interval, or is negative. 


This definition is illustrated schematically in Figure 7.5.3. Consider the expan- 
sion path and concentrate on factor X. Along ray OR both inputs expand propor- 
tionally. At points such as A the usage of factor X expands proportionally more 
than total expenditure along the expansion path. At all such points the factor is 
superior. At points such as B factor usage expands proportionally less than total 
expenditure. Expenditure elasticity lies in the unit interval, and the factor is said 
to be normal. At D the change in usage of both inputs is proportional and the 
expenditure elasticity is unity. Analysis is the same along any ray from the origin, 

In certain— presumably unusval— cases, the usage of a factor may decline 
when output and resource expenditure are increased. At point C in Figure 7.5.3 
the expenditure elasticity of X is instantaneously zero. Beyond point C, the 
expansion path “bends back” on itself. The usage of X diminishes as expenditure 
is increased beyond point C. Over this range of expenditure and output, X is an 
inferior factor. For example, when the level of farm production goes beyond a 
certain level, employment of labor might actually decrease as the farmer switches 
from farming by hand to mechanized farming. The concept of expenditure elas- 
ticity is used in Chapter 8 to analyze the changes in cost curves that result from 
changes in factor price. 


It is tempting at this time to use the analytical structure of this chapter to derive 


` the producer’s demand curves for factors of Production along the lines used in 


Part 1 to determine the consumer's demand functions. This temptation must be 
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Figure 7.5.3 Expenditure elasticity and factor 
classification 
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resisted, however, because there is more to be considered in the case of the 
producer. In particular, this chapter treats output (or total cost) as fixed; however, 
as we shall see in the next two chapters, output will typically change in response 
to changes in factor prices. We must, therefore, defer the analysis of the demand 
for inputs until Chapters 14 and 15 when additional analytical tools will be 
available. 

Chapters 6 and 7 contain an explanation of the theory of production and of 
the optimal combination of inputs when input prices are constant. Next, in 
Chapter 8, we turn to the theory of cost, which relies upon the physical laws of 
production and upon the prices the entrepreneur must pay for inputs. 


® Production isoquants are curves in input space showing all possible 
combinations of inputs capable of producing a given level of output. The 
negative of the slope of an jsoquant is called the marginal rate of techni¢al 
substitution. uf 

B To maximize output subject to a given total cost and given input prices, 
the producer must purchase inputs in quantities such that the marginal 
rate of technical substitution of labor for capital (MRTS,, for x) is equal to 
the ratio of the price of labor (w) to the price of capital (r). It can be 
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shown that MRTS, to x is simply the ratio of the marginal product of labor ‘ 
(MP,).to the marginal product of capital (MP,). Thus, the maximizing 


condition is 
MP, $ P 
MRTS: ow x = Spe = y ` 


| The last equation also holds for the problem of minimizing the otal cost 
of producing a given output. 

@ The expansion path indicates how input factor proportions (and levels) 
change when output or expenditure changes, input prices remaining 
constant throughout. The expansion path is central to the determination of 
long-run cost functions, as we will see in Chapter 8. When the production 

x function has constant returns to scale, the expansion path is a straight line 
and factor proportions are independent of the level of output. 


"QUESTIONS AND EXERCISES 


1. Suppose that Transport Service must produce a certain output of cargo and 
Passenger service per year. The service is confronted with the following 
corhbinations of HC100 aircraft and mechanics which can be used to yield this 
required output over its route pattern and meet schedule requirements. 


er 
Combination number Number of aircraft Number of mechanics 
re aCe 


NOS OND = 


60 
61 
62 
63 800 
64 
65 
66 


re S 
a. If Transport Service is using 60 aircraft and 1,000 mechanics, how many men 
can it dispense with and still maintain its output if it acquires an additional 
HC100 aircraft? 
Your answer in (a) is called the of in economic theory. 
c. If the additional annual cost resulting from the operation of another HC100 is 
$250,000, and if mechanics cost Transport Service $6,000 each annually, 
should the service acquire a 61st HC100? 
. d. Which combination of aircraft and mechanics should Transport Service use to 
minimize its costs? 
- e. Suppose the annual cost of an HC100 drops to $200,000 and the cost of 
mechanics rises to $7,000 per year. What combination should now be 
employed to minimize annual costs? 
f. Can the data presented above be used to illustrate the law of diminishing 
retums? Why or why not? k 
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2. Suppose that a product requires two inputs for its production, Then is it correct to 
say that if the prices of the inputs are equal, optimal behavior on the part of 
producers will dictate that these inputs be used in equal amounts? 

3. The Norfolk and Western Railway did not change from steam to diesel locomotives 
until nearly all other railroads had done so. This was probably because: (a) the N 
& W wanted to conserve national oil reserves for future generations; (b) since the 
railroad ran through the heart of the Appalachians, coal was cheap relative to 
diesel fuel; (c) N & W management—like some economics professors —couldn’t 
bear to part with the “Iron Horse”; (d) all of the above. 

4. A railroad would be most likely to substitute expensive signaling systems for 
multiple track operation if: (a) second and third tracks were heavily taxed by the 
counties through which they passed; (b) signaling equipment was produced by a 
monopolist; (e) all railroad officers took Principles of Economics; (d) none of 
the above. 

5. Answer true or false and explain your choice. 

a. Two factors of production, say A and B, have the same price. The least-cost 
combination of A and B for producing a given output will be at the point 
where the isoquant has a slope of minus 1. 

b. Assume only two factors A and B are used to produce output X. A decrease in 
the price of A leads to less of B being used. 

c. If the marginal product of A is 5 and its price is $2, then the additional cost of 
one more unit of output obtained by employing more of factor A is $2. 

d. At current levels of employment of factors A and B, the marginal product of A 
is 3 and the marginal product of B is 2. The price of A is $5 a unit, and the 
price of B is $4 a unit. Because B is the less expensive factor of production, 
the firm can produce the same output at lower cost by reducing the 
employment of A and increasing the employment of B. 

6. a. If the marginal product of L is MP, = 100K — L and the marginal product of 
K is MPx = 100L — K, then what is the maximum possible output when the 
total amount that can be spent on K and L is $1,000 and the price of K is $5 
and the price of L is $2? 

b. Answer part (a) when the price of K is $5 and the price of L is $5. 

c. (Advanced) When the price of K is Px and the price of L is P}, what is the 
expenditure elasticity for K? For L? (Hint: Use the marginal productivity 
equilibrium conditions to derive a relationship that expresses L in terms of K, 
Px, Pq, and the parameters of MPx and MP,. Use this expression to substitute 
for L in the cost equation C = Px K + PLL.) 

d. (Advanced) If total output is zero when K and L are zero, what is the 
production function f(K, L)? 
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CHAPTER 


8 Theory of Cost. 


How do you derive a total cost schedule from a production function and the 
prices of the factor inputs? How do you derive marginal and average cost 
from total cost, both in the short run and the long run? What is the difference 
between fixed and variable costs, and the difference between “cost” to an 
economist and to an accountant? In this chapter you will learn the answers to 
these questions and others. These answers will be crucial to the material in 
the next chapter where we investigate how a firm decides how much to 
produce in order to maximize profits, and more specifically (in the “Applying 
the Theory” section), how an airline should decide whether to run an 
additional flight, and how a mink farmer should decide about staying in 
business. @ 
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The physical conditions of production, the price of resources, and the eco- 
nomically efficient conduct of an entrepreneur jointly determine the cost of 
production of a business firm. The production function furnishes the information 
necessary to trace out the isoquant map. Resource prices establish the isocost 
curves. Finally, efficient entrepreneurial behavior dictates the production of any 
level of output by that combination of inputs which equates the marginal rate of 
technical substitution and the input-price ratio. Each position of tangency there- 
fore determines a ievel of output and its associated total cost. From this informa- 
tion, one may construct a table, a schedule, or a mathematical function relating 
total cost to the level of output. This is the cost schedule or cost function that is 
one of the subjects of this chapter. 

It is not the only subject, however, because in the short run, by definition, all 
inputs are not variable. Some are fixed, and the entrepreneur cannot instanta- 
neously achieve the input combination that corresponds to economic efficiency 
(that is, the one that equates the marginal rate of technical substitution with the 
input—price ratio). In the short run, a point on the expansion path will generally 
not be attained. We must thus analyze not only long-run cost but short-run cost 
as well, 

In many respects, the level of analysis in this chapter is less microscopic than 
the level of analysis of the previous chapter. For many purposes, it is unnecessary 
to consider isoquant and isocost relationships. Much of the time, to understand 
business behavior, it is sufficient to understand cost curves and how they shift 
when prices of inputs and technology change. There is, however, an isoquant- 
isocost representation of any issue that can be discussed with cost curves. 

Before turning to the mechanics of cost analysis, however, we need to pause 
for a somewhat broader view and to pose the question, “Just what constitutes the 
legitimate costs of production.” There are two answers to this question which, 
under ideal circumstances, happen to become one and the same. At present we 
must be content with the two; but in Chapter 17 we set out the conditions under 
which the answers are the same. 


Social Cost of Production 
8.1.a 


Economists are interested in the social cost of production, the cost a Society incurs 
when its resources are used to produce a given commodity. At any point in time 
a society possesses a pool of resources either individually or collectively owned, 
depending upon the political organization of the society in question. From a 
social point of view the object of economic activity is to get as much as possible 
from this existing pool of resources, What is “possible,” of course, depends not 
only upon the efficient and full utilization of resources but upon the specific list 
of commodities produced. A society could obviously have a greater output of 
automobiles if only small compact cars were produced. Larger, more luxurious 
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Cars require more of almost every input. But in their private evaluation schemes, 
some members of the society may attach much greater significance to luxury cars 
than to compact cars. 

Balancing the relative resource cost of 2 commodity with its relative social 
desirability entails a knowledge of both social valuations and social cost. This 
broad problem is deferred to Chapter 17 so that our attention can now be directed 
exclusively to social cost. 

The social cost of using a bundle of resources to produce a unit of commodity 
X is the number of units of commodity Y that must be sacrificed in the process. 
Resources are used to produce both X and Y (and all other commodities). Those 
resources used in X production cannot be used to produce Y or any other 
commodity. To illustrate with a simple example, think of Robinson Crusoe living 
alone on an island and sustaining himself by fishing and gathering coconuts, The 
cost to Crusoe of an additional fish is measured by the number of coconuts he has 
to forgo because he spends more time fishing. 

This concept of cost, or as it is more frequently called, the alternative or 
opportunity cost of production, captures much of the essence of what economics 
is about. Unfortunately, this concept of cost is often overlooked in popular 
discussions of public and private policy issues. For example, congressional 
spokesmen often argue against the policy of an all-volunteer armed force on the 
grounds that it “costs” too much relative to a policy of conscription. The error in 
this reasoning is that the cash payments by the government to individuals who are 
drafted into military service are not the appropriate measure of the social cost of 
the draft. The individuals drafted into military service are often taken out of 
civilian jobs where they are producing goods and services —such as houses and 
automobiles, and health care and educational services. By drafting people into the 
armed services, society must give up some of these goods and services and this 
forgone production is the appropriate measure of the cost of conscription. 


Opportunity Cost: The alternative or opportunity cost of producing one unit of 
commodity X is the amount of commodity Y that must be sacrificed in order to 
use resources to produce X rather than Y. This is the social cost of producing 


x. 


Private Cost of Production 
8.1.b 


There is a close relation between the social cost of producing commodity X and 
a calculation the producer of X himself must make. The use of resources to 
produce X rather than Y entails a social cost, but there is a private cost as well; 
because the entrepreneur must pay a price to get the resources used in production. 

The entrepreneur pays a certain amount to purchase resources, uses them to 
produce a commodity, and sells the commodity. The entrepreneur can compare 
the receipts from sales with the cost of the resources and determine whether there 
is an accounting profit. But an economist would be quick to tell this entrepreneur 
to make some further calculations. The entrepreneur invested time and money in 
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this business and these resources could be used elsewhere —in another line of 
business, perhaps, or by purchasing securities or going to work as an employee 
of another entrepreneur. 

The producer of X incurs certain explicit costs by purchasing resources, But 
implicit costs are also incurred, and a full accounting of profit or loss takes these 
implicit costs into consideration. The pure economic profit earned by producing 
commodity X may be thought of as accounting profit minus what could be earned 
in the best alternative use of the entrepreneur's time and money, which is defined 
as the implicit cost of production. 1 


Implicit Costs: The implicit costs incurred in producing a specific commodity 
consist of the amounts that could be earned in the best alternative use of the 
entrepreneur’s time and money. A pure economic profit is earned in the 
production of X if, and only if, total receipts exceed the sum of the 
entrepreneur's explicit and implicit costs. 


Implicit costs are a fixed amount (in the short run) that must be added to explicit 
costs in a reckoning of pure economic profit. 

The notion of opportunity cost is important for private decisions as well. For 
example, consider an individual who is thinking about leaving the labor force to 
return to school. The opportunity cost of attending school consists of two compo- 
nents: Explicit costs comprising tuition, book costs, and the additional cost 
associated with having to live near the school (rather than in some perhaps less 
expensive area) are only part of the cost. To this must be added implicit costs. 
The individual forgoes the opportunity to work while attending school. If he or 
she would have earned $14,000 per year, then the implicit cost of going to school 
is $14,000 per year, because the individual declined the Opportunity to earn that 
money in the labor market. 


begs AND LONG RUNS 
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In Chapter 6 a convenient analytical fiction was introduced, namely the short run, 
defined as a period of time in which certain types of inputs cannot be increased 
or decreased. That is, in the short run there are certain inputs whose usage cannot 
be changed regardless of the level of output. Similarly, there are other inputs, 
variable inputs, whose usage*can be changed. In the long run, on the other hand, 
all inputs are variable—the quantity of all inputs can be varied so as to obtain 
the most efficient input combination. 

The definition of the long run is reasonably clearcut; it is a period of time 
sufficiently long such that all factors of production can be fully adjusted. The 
short run is a more nebulous concept. In one nanosecond virtually nothing can be 
changed in the production process. In a day it may be possible to intensify the 
usage of certain machines; in a month the entrepreneur may be able to rent some 
additional equipment; in a year it may be feasible to build a new plant. There are 
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NUMERICAL EXERCISE 


Question 


Suppose Peter Zah opened his own submarine sandwich shop. To 
do so he quit/his own job where he was earning $8,000 per year. 
He also bought a special oven for $1,000 by cashing in his sav- 
ings account, which would have earned $ percent interest other- 
wise. Finally, he took over a store building owned by his wife 

which had previously been rented out for $500 per month, Fur- 
thermore, he could expect to incur these additional expenses for 
the year; $50,000 for food; $15,000 for extra help; $2,000 for 

gas and electricity, If he were to sell 85,000 sandwiches during 
the year for $1 each, what would be his expected explicit costs 
‘for the year? What would be his implicit costs for the year? What 
would be his expected pure economic profit for the year? 


Solution 


Explicit costs would include the $50,000 for food, $15,000 for 
extra help, and $2,000 for gas and electricity, as these are ex- 
penses for purchasing resources. Peter also incurs implicit costs 
of $6,000 for the use of his wife's building, since the family 
would have collected rent of this amount over the year if he did 
not open his submarine shop. In addition, the $8,000 lost wages 
is an implicit cost since he no longer has the opportunity to work 
elsewhere if he opens the submarine shop, By purchasing the 
oven he has exchanged his savings of $1,000 for an asset that is 
worth $1,000 at the time it is new. He thereby forgoes the inter- 
est income of $50 (5 percent of $1,000) he would otherwise re- 
ceive on this savings account, and since the oven will depreciate 
in value over the year, this depreciation must also be included as 
a “cost” of business. Suppose at the end of the year, the oven 
could be sold for $500, Then depreciation of $500 must also be 
included in impficit costs. The total costs (explicit + implicit) 
therefore equal the sum of $67,000 explicit costs and $14,550 
($6,000 + $8,000 + $50 + $500) implicit costs, or $81,550. 
Pure economic profit is the difference between total revenue and 
total economic costs, or $85,000 — $81,550 = $3,450. 


obviously many “short runs,” and the longer the time the greater the possibilities 
for factor substitution and adjustment. Costs of producing a given output will 
clearly depend on the time available to make adjustments in amounts used of the 
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productive factors. Before going into detail about long- and short-run costs, we 
provide a general overview by examining the relationship between production 
functions and costs. 


Long-Run Costs and the Production Function 
8.2.a 


The tools of Chapter 7 allow us to relate costs to outputs. That is, for any given 
output, we can determine the minimum cost at which that output can be produced, 
given factor prices and the production function. This is illustrated in Panel A of 
Figure 8.2.1 for three different output levels. At output level Q,, the minimum 
total cost is determined by the cost associated with isocost line C}. At output level 
Q», the minimum total cost is determined by isocost line Cz. The isocost line for 
Q; is above and to the northeast of the isocost line for Q}, which means, as we 
expect, that costs increase with output. 

It is easily seen that by repeating this procedure at all isoquants along the 
expansion path E, it is possible to derive the long-run cost schedule for the 
firm— that is, the schedule which shows the cost of producing each output after 
all factors of production have been fully adjusted. This is illustrated in Panel B 
of Figure 8.2.1. From Panel A we see that output Q, is produced at total cost C;, 
and these two values are used as coordinates to plot a point on the total 
output-totai cost graph of Panel B. Similarly, Q, is produced at total cost C;, and 
Q; is produced at total cost C;. These points are also plotted on the Panel B graph, 
Repeating this procedure for all other outputs, the long-run total cost schedule 
LRTC of Panel B is derived. 


Relation!“ The long-run total cost schedule is directly related to the expansion 
path; indeed, the long-run total cost schedule or function is simply the 
cost—output equivalent of the expansion path, 


E irti Costs and the Production Function 
.2.b 


We have observed that there are really a large number of “short” runs, depending 
on the time period involved. Each such short run is characterized by the fact that 
not all factors of production can be fully adjusted in the given time period. To see 
the sigiuficance of this, suppose a firm wishes to increase output and must acquire 
150 more milling machines to do so at lowest cost (that is, the long-run optimum 
requires 150 more machines). To be concrete, we assume there are four “short” 
runs, each of which is 3 months longer than the previous one. Because of delivery 
lags, no new milling machines can be added in the first 3 months, but delivery 
schedules permit the delivery of 50 additional machines in each of the next 
3-month periods.. Hence, the long-run adjustment (1 year in this case) involves 
an addition of 150 milling machines, but these are added in three steps. In the 
Shortest run (3 months) no new machines are available,-in the 6-month “run” 
there are 50 new milling machines, in the 9-month “run” there are 100 new 
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Figure 8.2.1 Long-run costs and the production 
function 
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Total cost (TC) 


Total output 
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milling machines, and in the long run (12 months) there are 150 new machines. 
To produce at the new output level, different amounts of labor are needed in each 
3-month period. We assume that man-hours can be freely adjusted at all times by 
using overtime and part-time employment. (For simplicity of exposition we also 
assume that the wage rate does not increase for overtime hours.) This situation 
is illustrated in Figure 8.2.2, Panel A. 

In this figure, initial output is given by the isoquant Q, and\the new higher 
output is shown by the isoquant Q,. During the first 3-month period (the 
“shortest” run) the output Q, is produced with the current stock of milling 
machines (K, = Ky = 30) and L, man-hours. Total cost to the entrepreneur in 
this period is given by the isocost line C;. Note that the isocost line’is nor tangent 
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Figure 8.2.2 Short-run costs and the production function 
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to Q, at point A, This is because of the inability of the firm to get any additional 
milling machines in the first 3 months. Given the existing stock of 30 milling 
machines, the cheapest way to get output Q, is by a substantial increase in 
man-hours (from Ly to L,).! 

During the next 3 months, 50 new milling machines are delivered, so the total 
Stock of milling machines rises to K, (K, = 80 = K, + 50). This allows the 
entrepreneurs to cut overtime and part-time labor hours to Lı. It also reduces 
the cost of producing output Q, because, as may readily be seen in Figure 8.2.2, 
the C, isocost line is to the southwest of isocost line Cı. Because capital stock 
is below the long-run Optimum of 180 machines, however, it is still true that the 
C; isocost line is not tangent to Q,. The next 3 months bring 50 more milling 
machines and a further shift in the isocost line to C3. 

Equilibrium is finally reached in one year when 180 milling machines are 
available. At this level, the isocost line C, is tangent to Q,, and Q, is being 
produced at the lowest possible total cost, given factor prices and the production 
function. 

There is a diagram in cost-output space that corresponds to Panel A of Fig- 
ure 8.2.2. It is shown in Panel B, Point A’ corresponds to point A in Panel A. 
There the cost is C, and output is Q,. Point B’ corresponds to B in Panel A. There 
output is Q, again, but cost is only C4. Thus, LRTC gives the total cost relation- 
ship when all factors are variable. SRTC, gives the cost relationship when only 
labor is variable. The other curves, SRTC, and SRTC,, are the intermediate cases, 
showing what total cost would be if capital can be expanded some, but not to the 
desired extent. Note that all curves coincide at point D’. The reason is that the 
short-run and long-run solutions are the same at that point because even if the firm 
could alter capital, it would select the current level of 30 units of capital to pro- 
duce Qa level of output. 

This example illustrates the key point that the shorter the run, the more costly 
it is to produce outputs other than the output for which the current capital stock 
is optimal (that is, the output given by Qs in this example). Long-run costs for 
producing a given output will never exceed short-run costs of producing that 
output. 

te dynamic theory of short- and long-run costs can be derived in several 
ways. For example, it is possible to introduce adjustment costs explicitly and 
obtain models of optimal capital accumulation.* However, in order to concen- 
trate on important comparative static results, we will adhere to the traditional 
dichotomy between the short run and the long run. Zn other words, while we 
recognize that there are many short runs, we will focus our attention on a given 
short-run period for expository convenience. 


'The entrepreneur would not want to operate with less than 30 milling machines in the short run 
because to produce Q, even more labor than L, then would be needed, and this would shift the isocost 


line further to the northeast. 
*See for example, J. P. Gould, “Adjustment Costs in the Theory of Investment of the Firm,” 


Review of Economic Studies 35 (1968), pp. 47-55. 
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Bere) and Variable Costs in the Short Run 
.2.c 


Corresponding to fixed inputs are short-run fixed costs. The various fixed 
inputs have unit prices; the fixed explicit cost is simply the sum of unit prices 
multiplied by the fixed number of units used. In the short run, implicit cost is also 
fixed; thus it is an element of fixed cost. In the example of subsection 8.2.b, the 
fixed costs in the short run are the costs of the given stock of milling machines. 
In more complicated examples there will be many such fixed inputs with corre- 
sponding fixed costs. E 


Total Fixed Cost: Total fixed cost is the sum of the short-run explicit fixed 
cost and the implicit cost incurred by an entrepreneur. 


Inputs that are variable in the short run give rise to short-run variable cost. 
Since input usage can be varied in accordance With the level of output, variable 
costs also vary with input. If there is zero output, no units of variable input need 
be employed. Variable cost is accordingly zero, and total cost is the same as total 
fixed cost. When there is a positive level of output, however, variable inputs must 
be used. This gives rise to variable costs, and total cost is then the sum of total 
variable and total fixed cost. 


Total Variable Cost: Total variable cost is the sum of the amounts spent for 
each of the variable inputs used. 


Tota! Cost (Short Run): Total cost in the short run is the sum of total variable 
and total fixed cost. 


pers OF COST IN THE SHORT RUN 
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Our analysis of cost begins with the theory of short-run cost, we then move to the 
“planning horizon” in which all inputs are variable and study the theory of cost 
in the long run, when the optimal input combination can be obtained 


Total Short-Run Cost 
8.3.a 


Analysis of total short-run cost depends upon two propositions already discussed 
in this chapter: (a) the physical conditions of production and the units prices of 
inputs determine the cost’ of production associated with each possible level of 
output; and (b) total cost may be divided into two components, fixed cost and 
variable cost. 
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[ Table a. Fixed, variable, and total cost | 


Quantity of output Total fixed cost Total variable cost Total cost 


0 $100 -0- $ 100.00 
1 100 $ 10.00 110.00 
2 100 16.00 116.00 
3 100 21.00 121.00 
4 100 26.00 126.00 
5 100 30.00 130.00 
6 100 36.00 136.00 
7 100 45.50 145.50 
8 100 56.00 156.00 
9 100 72,00 172.00 
10 100 90.00 190.00 
11 100 109.00 209.00 
12 100 130.40 230.40 
13 100. 160.00 260.00 
14 100 198.20 298.20 
15 100 249.50 349.50 
16 190 324.00 424,00 
17 100 418.50 £18.50 
18 100 539.00 639.00 
19 100 698.00 798.00 
20 100 900.00 1,090.00 


a 


Suppose an entrepreneur has a fixed plant that can be used to produce a certain 
commodity. Further suppose this plant cost $100. Total fixed cost is, therefore, 
$100—it is constant irrespective of the level of output. This is reflected in 
Table 8.3.1 by the column of $100 entries labeled “Total fixed cost.” It is also 
shown by the horizontal line labeled TFC in Figure 8.3.1. Both table and graph 
emphasize that fixed cost is indeed fixed. 

Variable inputs must also be used if production exceeds zero. In the spirit 
of Chapter 6, you might suppose there is only one variable input; alternatively, 
the multiple-input approach of Chapter 7 may be adopted. The choice is not 
material, because an increase in the level of output requires an increase in the 
usage of inputs — whether this be one variable input or many variable inputs used 
in the optimal combination. In either case, the greater the level of variable input 
the greater the total variable cost of production. This is shown in column 3 of 
Table 8.3.1 and by the curve labeled TVC in Figure 8.3.1. ` 

Summing total fixed and total variable cost gives total cost, the entries in the 
last column of Table 8.3.1, and the curve labeled TC in Figure 8.3.1. From the 
figure, one may see that TC and TVC move together and are, in a sense, parallel. 
That is to say, the slopes of the two curves are the same at every output point; 
and at each point, the two curves are separated by a vertical distance of $100, the 
total fixed cost. The curves appear to get closer together, but this is because the 
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Figure 8.3.1 Fixed, variable, and total cost curves 
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eye focuses on the shortest distance between the curves, not the vertical distance, 
The vertical distance does, in fact, Stay constant since the cost that separates 
them, total fixed cost, does not change with output. 


Average and Marginal Cost 
8.3.b ee 


The total cost of production, including implicit cost, is very important to an 
entrepreneur. However, one may obtain a deeper understanding of total cost by 
analyzing the behavior of various average costs and of marginal cost. 

The illustration of Table 8.3.1 is continued in Table 8.3.2. Indeed, the first 
four columns:of the latter exactly reproduce Table 8.3.1. The remaining four 
columns show the new concepts to be introduced, 

First consider the column labeled “Average fixed cost.” 
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8.3.2 Average and marginal cost calculations 
(1) 2 3) 
(2) (3) 


(4) (5) (6) (7) (8) 
Total Total Total Aver: Avera Average Marginal 
of fixed variable cost fix variabli Total cost 


output cost cost cost cost cost 
1 $100 $ 10.00 $ 110.00 $100.00 $10.00 $110.09 $ 10,00 
2 100 16.00 116.00 50.00 8.00 58.00 6.00 
3 100 21.00 121.00 33.33 7.00 40.33 5.00 
4 100 26.00 126.00 25.00 6.50 31.50 5,00 
5 100 30.00 130.00 20.00 6.00 26.00 4.00 
6 100 36.00 136.00 16.67 6.00 22.67 6.00 
T 100 45,50 145.50 14.29 6.50 20.78 - 9.50 
8 100 56.00 156.00 12.50 7.00 19.50 10.50 
9 100 72.00 172.00 11.11 8.00 19,10 16,00 
10 100 90.00 190.00 10,00 9.00 19.00 18.00 
11 100 109.00 209.00 9.09 9.91 19.00 19.00 
12 100 130.40 230.40 8.33 10.87 19.20 21.40 
13 100. 160.00 260.00 7.69 12.31 20.00 29.60 
14 100 198.20 298.20 7.14 14.16 21.30 38.20 


15 100 249.50 349.50 6.67 16.63 23.30 51.30 
16 100 324.00 424.00 6.25 20.25 26.50 74.50 
17 100 418.50 518.50 5.88 24.62 30.50 94.50 
18 100 539.00 639:00 5.56 29.94 35.50 120.50 
19 100 698.00 798.00 5.26 36.74 42.00 159.00 
20 100 900.00 1,000.00 5.00 45.00 50.00 202.00 


Average Fixed Cost:, Average fixed cost is total fixed cost divided by output. 


The calculation is very simple. When one unit of output is produced, AFC is 
$100/1 = $100. When two units are produced, AFC = $100/2 = $50; and so 
on. Graphically, average fixed cost is shown by the curve designated AFC in 
Figure 8.3.2. Cost in dollars is plotted on the vertical axis and output on the 
horizontal axis. The AFC curve is negatively sloped throughout because as output 
increases the ratio of fixed cost to output must decline.” Mathematically, the AFC 
curve is a rectangular hyperbola. 

Next, move to column 6, Table 8.3.2. This column is labeled “Average 
variable cost,” a concept that is entirely analogous to average fixed cost. 


Average Variable Cost: Average variable cost is total variable cost 


divided by output. 


—_——_ 


3Let the cost function be C = A + g(q), where A is total fixed cost and g(q) gives the total 
variable cost associated with each level of output. Thus, average fixed cost is A/q and its slope is 


-A/q’. 
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Figure 8.3.2 Average and marginal cost curves 
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Again the calculation is simple and gives rise to the curve labeled AVC in Fig- 
ure 8.3.2. But now there is a great difference between AVC and AFC: the former 
does not have a negative slope throughout its entire range. Indeed, in this illustra- 
tion AVC first declines, reaches a minimum, and rises thereafter. 

The reason for. this curvature lies in the theory of production. Total variable 
Cost equals the number of units of variable input used (V) multiplied by the unit 
price of the input (P). Thus in the one-variable-input case, TVC = PV. 

Average variable cost is total variable cost TVC divided by output Q, or 


TVC. ov 
AVC = —— = pL, 
/ Q Q 


Consider the term V/Q, the number of units of input divided by the number of 
units of output. In Chapter 6, average product (AP) was defined as total output 
(Q) divided by the number of units of input (V). Thus 


AVC = (x) 
1 


P 5) 
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since AP = Q/V. This is price per unit of input multiplied by the reciprocal of 
average product. Since average product normally rises, reaches a maximum, and 
then declines, average variable cost normally falls, reaches a minimum, and rises 
thereafter. 


Relation: A production function such as that shown in Figure 6.2.1 gives ‘ise 
to the average product curve shown in Figure 6.2.2. This type of production 
function also determines.a total variable cost curve such as that in Figure 8.2.1 
and the average variable cost curve shown in Figure 8.3.2 


Column 7, Table 8.3.2, contains the entries for average total cost, which may 
also be called average cost or unit cost. 


Average Total Cost: Average total cost is total cost dividea by output. 


In light of this definition, ATC may be computed by dividing the entries in 
column 4 by the corresponding entries in column 1. 
However, since 


TC = TFC + TVC; 


Mie er DE E are + Ave. 


Ore O 
Thus one may calculate average cost as the sum of average fixed and average 
variable cost. 

This method of calculation also explains the shape of the average total cost 
curve in Figure 8.3.2. Over the range of values for which both AFC and AVC 
decline, ATC must obviously decline as well. But even after AVC turns up, the 
marked decline in AFC causes ATC to continue to decline. Finally, however, the 
increase in AVC more than offsets the decline in AFC; ATC therefore reaches its 
minimum and increases thereafter. 

Finally, column 8 of Table 8.3.2 contains the entries for marginal cost. 


| Marginal Cost: Marginal cost is the addition to total cost attributable to the 
addition of one unit to output. 


Marginal cost is thus calculated by subtracting successively the entries in the 
“Total cost” column.’ For example, the marginal cost of the second unit produced 
is MC, = TC, — TC,. Since only variable cost changes in the short run, how- 
ever, marginal cost may be computed by successive subtraction of the entries in 
the “Total variable cost” column, Thus the marginal cost of the second unit is also 


MC, = TVG - TVC). 


A “Let the cost function be defined as in footnote 3. For infinitesimally small changes in output, 
a MC = de/dg = g'(q). 
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As shown in Figure 8.3.2, MC— like AVC —first declines, reaches a mini- 
mum, and rises thereafter. The explanation for this curvature also lies in the 
theory of production. Let A denote “the change in.” As shown just above, 
MC = A(TVC) for a unit change in output. More generally, if output does not 
change by precisely one unit, MC = A(TVC)/AQ. In our previous notation, 
TVC = PV. Thus ATVC = P(AV) for an entrepreneur who is a perfect com- 
petitor in the input market (input price is given by market demand and supply and 
changes in his purchases do not affect the price). 

Using the two relations, 

AV 
MC =P 20° 
In Chapter 6, marginal product (MP) was defined as the change in output 
attributable to a change in input, or MP = AQ/AV. Thus 


we = (2) 


Since marginal product normally rises, reaches a maximum, and declines, mar= 
ginal cost normally declines, reaches a minimum, and rises thereafter. 


Relation: A production function such as that shown in Figure 6.2.1 gives rise 
to the marginal product curve shown in Figure 6.2.2. This type of production 
function also determines a total cost curve such as that in Figure 8.3.1 and the 
marginal cost curve shown in Figure 8.3.2. 


Beomety of Average and Marginal Cost Curves 
3.6 


In Chapter 8 the average and marginal product curves were derived geometrically 
from the total product curve. Similarly, the average and marginal cost curves may 
be derived from the corresponding total cost curve. 

Figure 8.3.3 illustrates the derivation of average fixed cost. (Note: Vertical 
axes of Panels A and B have different scales.) In Panel A, total fixed cost is 
plotted and the outputs Og;, Oq, and Og; are measured so that Og = qiq = 
9243. Since AFC = TFC/Q, average fixed cost is given by the slope of a ray from 
the origin to a point on the TFC curve. For output Og, AFC is the slope of the 
tay OP, or q,P/Oq,. Similarly, for output Og, AFC is g,5/Oqp, and so on. Since 
TFC is always the same, g,P = qS = qR. By construction, Oq = 20q,, 
and Og; = 30q,. Thus AFC for output Og; is 9:5/Oq; = qiP/20q, = % 
(q:P/0q,) = % AFC for output Og). This is shown in Panel B by the difference 
in OP’ and OS'—more specifically, OS' = % OP’. Similarly, as you can 
demonstrate for yourself, OR’ = ‘4 OP'. The remaining points on AFC are 
determined in the same way. 

In general, the average cost associated with output Oq; where Og; = j(Oq,) is 
given by (1/j) (OP'). This is the equation of a rectangular hyperbola that is 
asymptotic to zero as j gets large 
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Figure 8.3.3 Derivation of the average fixed cost curve 


Cost (dollars) 
Cost (dollars) 


Quantity of output Quantity of output 
(A) (B) 


Figure 8.3.4 shows how AVC is derived from TVC. As is true of all “average” 
curves, the average variable cost associated with any level of output is given by 
the slope of a ray from the origin to the corresponding point on the TVC curve. 
As may easily be seen from Panel A, the slope of a ray from the origin to the curve 
steadily diminishes as one passes through points such as P; and it diminishes until 
the ray is just tangent to the TVC curve at point S, associated with output Oq2. 
Thereafter the slope increases as one moves from S toward points such as R. This 
is reflected in Panel B by constructing AVC with a negative slope until output Og. 
is attained. After that point, the slope becomes positive and remains positive 
thereafter. 

Exactly the same argument holds for Panels A and B of Figure 8.3.5, which 
show the derivation of ATC from TC. The slope of the ray diminishes as one 
moves along TC until the point S ’ is reached. At S' the slope of the ray is least, 
so minimum ATC is attained at the output level Oq}. Thereafter, the slope of the 
ray increases continuously, and the ATC curve has a positive slope. (Note: The 
output level Og; does not represent the same quantity in Figures 8.3.3-8.3.6.) 

Che difference between average total cost and average variable cost is average 
fixed cost. Since average fixed cost becomes very small as output gets large, 
average variable cost and average total cost converge. This is another way of 
saying that when output is very large, most of total cost is made up of the variable 
component so that fixed cost does not matter very much. 

Finally, the derivation of marginal cost is illustrated in Figure 8.3.6. Panel A 
contains the total cost curve TC. As output increases from Oq, to Oq, one moves 
from point P to point V, and total cost increases from TC, to TC. Marginal cost 


is thus 
TC, = Te,” Vk: 
tig, On PR 
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Figure 8.3.4 Derivation of the average variable cost curve 


g 2 
S S 
8 8 
8 E AVC 
Š 5 De A 
1 
o qı GW q o Q 
Quantity of output Quantity of output 
(A) (8) 


Figure 8.3.5 Derivation of the average total cost or unit cost curve 


g $ ATC 

g 8 

z z iga A 

8 Š 
| 
I 

o g'i q2 qh o q2 
Quantity of output Quantity of output 
(A) ~ (B) 


Now let the point P move along TC toward point V. As the distance between P 
and V becomes smaller and smaller, the slope of the tangent T at point V becomes 
a progressively better estimate of VR/PR. And in the-limit, for movements in a 
tiny neighborhood around point V the slope of the tangent is marginal cost. 
As one moves along TC through points such as P and V, the slope of TC 
diminishes. The slope continues to diminish until point S is reached at output 
Oq. Thereafter the slope increases. Therefore, the MC curve is constructed in 
Panel B so that it decreases until output Og; is’attained and increases thereafter. 
One final point should be noted about Figures 8.3.4 and 8.3.6. As already 
shown, TC and TVC have the same slope at each output point; TC is simply TVC 
displaced upward by the constant amount TFC. Since the slopes are the same, MC 
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Figure 8.3.6 Derivation of the marginal cost curve 
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is given by the slope of either curve. In Panel A, Figure 8.3.4, the slope of the 
ray OS gives minimum AVC. But at this point the ray OS is just tangent to TVC; 
hence it also gives MC at this point. Thus MC = AVC when the latter attains its 
minimum value. Similarly, in Panel A, Figure 8.3.6, the slope of the ray ON 
gives minimum ATC. But at this point the ray is tangent to TC; thus its slope also 
gives MC. Consequently MC = ATC when the latter attains its minimum value. 
Again, this illustrates the notion that when the marginal exceeds the average, it 
pulls the average up and when it falls short of the average, it pulls the average 
down. 


Short-Run Cost Curves 


The properties of the average and marginal cost curves, as derived in subsec- 
tion 8.3.c, are illustrated by the “typical” set of short-run cost curves shown 
in Figure 8.3.7. The properties may be summarized as follows: 


Relations: (i) AFC declines continuously, approaching both axes 
asymptotically, as shown by points 1 and 2 in the figure. AFC is a rectangular 
hyperbola. (i) AVC first declines, reaches a minimum at point 4, and rises 
thereafter. When AVC attains its minimum at point 4, MC equals AVC. As AFC 
approaches asymptotically close to the horizontal axis, AVC approaches ATC 
asymptotically, as shown by point 5. (ii!) ATC first declines, reaches a 
minimum at point 3, and rises thereafter. When ATC attains its minimum at 
point 3, MC equals ATC. (iv) MC first declines, reaches a minimum at point 6, 
and rises thereafter. MC equals both AVC and ATC when these curves attain 
their minimum values. Furthermore, MC lies below both AVC and ATC over the 
range in which the curves decline; it lies above them when they are rising. 
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Figure 8.3.7 Typical set of cost curves 


Cost (dollars) 


Quantity of output 


Example 8.3: To see how cost curves are used in business, consider a 
Caribbean cruise operator who is trying to determine the cost of putting 
different numbers of passengers on one-week cruises. The fixed cost in this 
case is the cost of the ship, which is at $1,000 per week. (That is, the interest 
payment on the loan taken to finance the purchase of the ship is $1,000 per 
week.) Y Dey 

The variable cost of taking aboard another passenger is 


VC = Q? + 10,000Q° 


where Q is the total number of passengers. 
Table 8.3.£.1 produces all of the relevant information from the facts given 
above and from the following relationships: 


AVC = VC/Q 
TC = VC + FC = VC + 1,000 
AC = TC/Q 


MC = VC(Q) - VC(Q - 1) = TC(Q) - TCQ — 1) 

A few things are noteworthy. First, marginal (MC), average variable (AVC), 
and average (total) cost (ATC) all decline and then rise. Marginal cost begins 
to rise before either of the other two. Furthermore, marginal cost equals 
average variable cost at average variable cost's minimum point 
(22.87 passengers). Similarly, marginal cost equals average cost at average 
cost's minimum point (23.24 passengers). 

First, the variable and total cost increase as the number of passengers 


- increases. ‘Adding passengers cannot reduce the cost of operating the cruise. 


However, the average variable and average total cost falls as passengers 


* Increase from 1 to 23 passengers. Therefore, the level of operation that yields 


minimum cost per unit is 23 passengers. 
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2 bi Bi eS Ge E ein 
1 $ 10001 $ 11001 $10901 $10001 $11001 
2 14150 15150 4149 7075 7575 
7 3 17348 18348 3197 5783 6116 
ee 20064 21064 2716 5016 5266 
5 22486 23486 2422 4497 4697 
6 24711 25711 2225 4118 4285 
ii 26801 278015 2090 3829 3972 
8 28796 29796 1996 3600 3725 
9 30729 31729 1933 3414 3525 
10 32623 33623 1894 3262 3362 
1 34497 35497 1874 3136 3227 
12 36369 37369 1872 3031 3114 
13 38253 39253 1885 2943 3019 
14 40161 41161 1908 2869 2940 
15 42105 43105 1944 2807 2874 
16 44096 45096 1991 2756 2819 
17 46144 47144 2048 2714 2773 
18 48258 49258 2114 2681 2737 
19 50448 51448 2190 2655 2708 
20 52721 53721 2273 2636 2686 
21 55087 56087 2365 2623 2671 
22 57552 58552 2465 2616 2661 
23 60125" 61125 _ 2573 2614 2658 
24 62814 63814 2688 2617 2659 
25 65625 66625 2817 2625 2665 
26 68566 69566 2941 2637 2676 
27 71645 72645 3078 2654 2691 
28 74867 75867 3222 2674 2710 
29 78241 79241 3374 2698 2732 
30 81772 82772 3632 2726 2759 
31 85469 86469 3696 2757 2789 
32 89337 90337 3868 2792 2823 
33 93383 94383 4046 2830 2860 
34 97614 ` 98674 4231 2871 2900 
35 102036 103036 4422 2915 2944 
36 106656 107656 4620 2963 2990 
37 111481 112481 4825 3013 3040 
38 116516 117516 5035 3066 3093 
39 121769 122769 5253 3122 3148 
40 127246 128246 5477 3181 3206 


Does the fact that average cost is minimized at 23 passengers imply that 
the line should stop selling tickets at 23? In general, the answer is no. What 
the producer cares about is maximizing profit, not minimizing average cost. As 
we shall see in more detail in Chapter 9, these are not the same in the short 


fun. 
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For example, suppose that a ticket could be sold for $3,200. The cost of 
adding the 24th passenger is only $2,688 (see the marginal cost of the 24th 
Passenger) so that profit can be made by selling the ticket. In this case, $512 
above cost is collected. The same is true for each additional passenger up to 
the 28th. That passenger costs $3,222. If the ticket can only be sold for 
$3,200, it does not pay to take him aboard. 


The point that is illustrated is that minimizing cost is not the only factor at 
work in the determination of production. Cost conditions are key. But, with the 
exception of the long run when all factors are variable, selecting output levels that 
correspond to minimum average cost is not generally the appropriate strategy. 
This will become clearer in Chapter 9. 
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. | The conventional definition of the long run given in Chapter 6 and elsewhere is 


“a period of time of such length that all inputs are variable.” Another aspect of 
the long run has also been stressed—an aspect that is, perhaps, the most im- 
portant of all. The long run is a planning horizon. All production, indeed all 
economic activity, takes place in the short run. The “long run” refers to the fact 
that economic agents — consumers and managers—can plan ahead and choose 
many aspects of the “short run” in which they will operate in the future. Thus in 
a sense, the long run consists of all possible short-run situations among which an 
economic agent may choose. `] 

As an example, before an investment is made, a manager is in a long=run 
situation and may select any one of a wide variety of different investments. After 
the investment decision is made and funds are congealed in fixed capital equip- 
ment, the firm operates under short-run conditions. [Thus perhaps the best dis- 
tinction is to say that an economic agent operates in the short run and plans in 
the long run. | 


phort Run and the Long 


To begin with a highly simplified situation, suppose technology is such that plants 
in a certain industry can have only three different sizes. That is, the fixed capital 
equipment comprising the “plant” is available in only three sizes—small, me- 
dium, and large. 

The plant of smallest size gives rise to the short-run average cost curve labeled 
SAC, in Figure 8.4.1; the medium-size plant has short-run average cost given by 
SAC»; and the large plant has an average cost given by SAC;. In the long run, a 
manager has to choose among the three investment alternatives represented by the. 
three short-run average cost curves. The manager’s choice of plant will depend 
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Figure 8.4.1 Short-run average cost curves for 
plants of different size 


SAC, 


( į SAC, li SAC, 
2 : x 
& C \ 1 
g 
aa 
o x cy ee canes 


Quantity of output 


on planned or expected output. Thus, if the firm plans to produce output Ox, the 
smallest plant will be selected. If expected output is Ox, the medium plant is 
selected, and so forth. Such decisions would be made because the manager 
chooses the plant capable of producing the planned output at the lowest unit cost. 
(Note: At the time of the decision to build the plant, planned output is taken as 
given. Thus, choosing the plant with lowest unit or average cost is equivalent to 
choosing the plant with the lowest total cost for the planned output.) 

If planned output is either Ox; or Ox3, the decision involves some ambiguity. 
At each of these points, two plants have the same average cost. A manager might 
select the larger plant in order to meet a possible expansion of demand. On the 
other hand, the smaller plant would be preferred if a contraction of demand were 
possible. In these two examples, the decision would involve considerations other 
than least-cost output. 

Suppose planned output is Ox,. There is no ambiguity in this case and the plant 
represented by SAC, will be built. Now suppose that it actually turns out to be 
desirable to produce Ox, units. This can be done with the existing plant at an 
average cost of OC; per unit. In the short run, there are no other options and this 
is the only way to produce Oxz. But the entrepreneur can plan for the future. 
When the old plant has “worn out,” it can be replaced with a new one—and it 
will be a medium-size plant because Ox, can be produced for an average cost of 
OC; per unit, substantially less than with the small plant. 

Inthe short run, a manager must operate with SAC,, SAC, or SAC;. But in the 
long run, it is possible to build a plant whose size leads to the least average cost 
for auy output. Thus, as a planning device, the solid, scalloped curve is the long- 
run average cost curve, because this curve shows the long-run average cost of pro- 
ducing each possible output. This curve is frequently called the “envelope curve.” 
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kong-nun Average Cost Curve 


The illustration above is, as we said, highly simplified. A firm is normally faced 
with a choice among quite a wide variety of plants. In Figure 8.4.2, six short-run 
average cost curves are shown; but this is really far from enough. Many curves 
could be drawn between each of those shown. These six plants are only represen- 
tative of the wide variety that could be constructed. 

These many curves, just as the three in subsection 8.4.a, generate LAC as a 
planning device. Suppose a manager thinks the output associated with point A 
will be most profitable. The plant represented by SAC, will then be built because 
it will produce this output at the least possible cost per unit. With the plant whose 
short-run average cost is given by SAC;, unit cost could be reduced by expanding 
output to the amount associated with point B, the minimum point on SAC). If 
demand conditions were suddenly changed so this larger output were desirable, 
the manager could easily expand —and would add to profitability by reducing 
unit cost. Nevertheless, when setting future plans the manager would decide to 
construct the plant represented by SAC, because this would reduce unit costs even 
more. The plant would operate at point C, thereby lowering unit cost from the 
level of point B on SAC). i 

It is interesting to note that point B is where plant of type 1 is operated most 
efficiently (i.e., at lowest unit cost). Still, it pays to shift to plant type 2, even 
though 2 is not operated at its most efficient level. In fact, all plants smaller than 
type 4 are only used when they are operating at less than the efficient level. The 
reason is that it is not efficiency for a given plant that matters, but efficiency 
overall. If plant 1 can be replaced by plant 2 and cost can be reduced, it is 
irrelevant that plant 1 would haye been operated at peak efficiency. Since a 
cost-saving move cannot be made at point A, it is also irrelevant that A is not as 
efficient as B. This point is related to, but is not the same as that made in 
Example 8.3. 

The long-run planning curve, LAC, is a locus of points representing the least 
unit cost of producing the corresponding output. This curve is the long-run 
average cost curve. The manager determines the size of plant by reference to this 
curve, selecting that short-run plant which yields the least unit cost of producing 
the anticipated volume of output.* 


Long-Run Marginal Cost 
8.4.6 


A marginal cost curve may be constructed for the planning curve or the long-run 
average cost curve. This is illustrated in Figure 8.4.3. Consider the plant repre- 


“It is important to recall that we are operating under the assumption that the “short” run is 2 
well-defined period of time. That is, for expository purposes, we have adopted the analytical fiction 
that there is only one short run. If we were to account for the more realistic case of many short runs, 
each corresponding to a different length of time (as in subsection 8.2.b), we would have to replace 
each SAC curve in Figure 8.4.2 with a nested set of short-run average cost curves. 
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Figure 8.4.2  Long-run average cost curve Figure 8.4.3 Long-run and short-run marginal cost 
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sented "by the short-run average cost curve SAC, with the associated short-run 
marginal cost curve SMC). At point A, corresponding to output Ox,, SAC and 
LAC are equal. Hence short-run and long-run total cost are also equal. 

For smailer outputs, such as Ox;, SAC, exceeds LAC, so short-run total cost 
is greater than long-run total cost. Thus for an expansion of output toward Ox;,, 
long-run marginal cost — whatever it may be —must exceed the known short- 
run marginal cost. That is, we have moved from a point where short-run total cost 
exceeds long-run total cost to a point where they are equal. The addition to total 
cost, or marginal cost, must consequently be smaller for the short-run curve 
than for the long-run curve. Therefore LMC is greater than SMC to the left of 

3 int A.° 

oi For an expansion of output from Ox, to Ox}, the opposite situation holds. SAC, 
is greater than LAC at Ox1, so short-run total cost exceeds long-run total cost at 
this point. Now we have moved from a point where short-run and long-run total 
cost are equal (Ox,) to a point where short-run total cost exceeds long-run total 
cost (Ox'). Therefore, the addition to total cost, or marginal cost, must be greater 
for the short-run curve than for the long-run curve. Whatever LMC might be, it 
must be less than SMC, to the right of Oxi. 

Now we have the information to find one point on the LMC curve. LMC must 
exceed SMC, to the left of Ox, and it must be less than SMC, to the right of Oxi. 
Therefore, LMC must equal SMC, at output Ox,. This gives us point B on the 
LMC curve. To find all the other points, this process is repeated. Take the next 

ai ; short-run average cost curve, together with its known short-run marginal cost. 
ý LMC must equal this. SMC for the output at which the SAC curve is tangent to 
LAC. Performing this process for all plant sizes generates the LMC curve. 


“It: might be well to emphasize this point by means of a simple numerical example. Refer to Fig- 
ure 8.4.3. At output Ox i, since SAC; > LAC, let short-run total cost be $100 and long-run total cost 
be $90. At output Ox,, they are equal, say, $110. Thus, over the range Ox, to Ox, short-run marginal 
cost is $10, while long-run marginal cost is $20. 
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It is important to notice that LMC intersects LAC when the latter is at its 
minimum point. There will be one, and only one, short-run plant size whose 
minimum short-run average cost coincides with minimum long-run average cost. 
This plant is represented by SACy and SMCy in Figure 8.4.3. SMCy equals 
SACy at the minimum point on the latter curve. SACy is tangent to LAC at their 
common minimum; and as we have shown, LMC equals SMC at the point where 
SAC and LAC are tangent. Therefore, LMC must pass through the minimum 
point on LAC. 

At the risk of belaboring the obvious, let us emphasize that optimal adjustment 
is always preferable to suboptimal adjustment. This leads to a slightly different 
view of LAC and LMC 


Long-Run Average Cost Curve: The long-run average cost curve shows the 
minimum unit cost of producing every feasible leve! of output; the long-run 
marginal cost curve shows the minimum amount by which the cost is 
increased when output is expanded and the maximum amount that can be 
saved when output is reduced. 


The Envelope Curve and the Expansion Path 


We have just discussed the concept ot the long-run average cost curve as the 
envelope of a set of short-run curves, Earlier, in subsection 8. 2.a, the relationship 
between the expansion path and the long-run total cost curve was explained. 
Since long-run average costs are simply long-run total costs divided by output, 
these two approaches to long-run costs are really one and the same. In subsection 
8.2.b, we saw that producing a given output with factor combinations other than 
those along the expansion path always meant that short-run total costs were 
higher than long-run total costs. This means, of course, that short-run average 
costs must exceed long-run average costs except at points corresponding to factor 
usage along the expansion path. The points on the expansion path are thus related 
on a one-to-one basis with the points of tangency of the short-run average cost 
curves and the long-run average cost curve in Figure 8.4.2. 

This situation is illustrated in Figure 8.4.4. Suppose the short-run capital stock 


«i$ fixed at Ky. The long-run equilibrium output for this capital stock obtains at 


point B where the isocost iine C is tangent to isoquant Q at the given (fixed) 
capital stock Ko. This is a point on the expansion path Æ. To produce output Q' 
with capital stock Ko, the isocost line is shifted to C’. Note that point A, where 
the isoquant Q’ intersects the expansion path Æ, is the long-run equilibrium for 
output Q’. In the short run, with Ko fixed, the entrepreneur is on a higher isocost 
line than if capital stock couid be adjusted. Thus, short-run costs (average and 
total costs) are greater than the long-run costs of producing Q'. 

The same reasoning applies to the output Q” where the short-run costs are 
given by the isocost line C". When capital stock can be fully adjusted (downward 
in this case}, equilibrium will occur at point D on the expansion path, and this 
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bigs 8.4.4. The expansion path and suboptimal 


Capital 


Labor 


will be on a lower isocost line. Once again short-run costs exceed long-run costs. 
Only on the expansion path is SAC = LAC. 


——————— 
ore ELASTICITY AND THE FUNCTION COEFFICIENT 


A very important relationship between the production function and the long-run 
total cost curve may now be established. We begin by introducing the concept of 
the function coefficient. 


The Function Coefficient 
8.5.a 


The function coefficient is defined for every production function as follows: 


Function Coefficient: The function coefficient (e) shows the proportional 
change in output that results when all inputs are expanded in the same 
proportion. 


The function coefficient may be expressed as a formula. The proportional change 
in output is Ag/q. Let all inputs be expanded in the proportion A. Then, by 


definition 
(9 
e= i, (8.5.1) 
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~~ NUMERICAL EXERCISES 


Suppose the law fim of Freeman and Bella specializes in the writing 
of contracts of merging firms, according to the production function in 
Example 7.1 of Chapter 7, 


9 = (Ey? Ly” 


where Q equals the number of contracts, E equals the number of 
hours put in by economists, and L the number of hours put in by 
lawyers. 

It turns out that for this production function, the marginal product 
of economists is given by the formula: 


MP; = 2 VL/E 
The marginal products of ławyers is given by the formula: 
MP, = ⁄2 VE/L 


Also assume that Freedman and Bella face giver input prices of $4 
per hour for the use of economists, and $1 per hour for the use of 
lawyers. 


Questions 


1, Using the material in Chapters 7 and 8, what is the Jong run 
oust-minimizing number of hours of economist and lawyer time 
the firm will employ to produce 1 contract, 2 contracts, 
3-contracts, 4 contracts, and 5 contracts? 

2. From your result in question 1, calculate the total cost (TC), av- 
erage cost (AC), and marginal cost (MC) for each of the five 
contract levels. Note that these are all Jong-run costs. 

3. Now assume that the law firm has already hired on contract four 
hours of lawyer time and cannot alter this amount in the short 
run. Given this amount of lawyer time, what is the amount of 
economist time to be used to produce contract levels of 1, 2, 3, 
4, 5? : 

4. Referring to question 3, calculate the short-run total cost, average 
cost, and marginal cost for each contract level. 2 

5. Can the total cost and average cost in question 4 ever be less 
than the total cost and average cost determined in the second 
question? Explain. 
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Solutions 


To find the cost-minimizing levels of inputs for any output level, 
set the MRTS equal to the ratio of the input prices, or 


= — = or equivalently, L/E=4, or L = 4E. 


To produce 1 contract, substitute into the production function this 
value for L and solve for E: 


1 = (E)? (4E)", or E=%, and L =2 


Similar calculations for Q = 2, 3, 4, 5 result in the combinations 
in the table below. 


LATC 
E L (S4E + $1L) LRAC LRMC 
ł 2 4 $4 34 
1 4 8 4 4 
3/2 6 42 4 4 
2 8 16 4 4 
5/2 10 20 4 4 


For questions 3 and 4, we cannot use the table above because we 
are restricted in the use of lawyers’ time to 4 hours. Thus, we 
are in the short run. In order to calculate the amount of econo- 
mist time required to produce contract levels of 1, 2, 3, 4, 5 we 
again substitute into the production function, but set L = 4. This 
results in the combinations of E and L in the table below: 


SR 
(S4E + $1L) SRAC SRMC 
Pa O a ee 
$5 $5 $1 
8 4 3 
13 13/3 5 
20 5 7 
29 29/5 9 


(continued on page 236) 
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(continued from page 235) 

4. See columns above headed SRTC, SRAC, and SRMC. 

5. Notice that it is impossible for LAC to exceed SAC, or LRTC to 
exceed SRTC, because in the long run we could use the best 
short-run combination, but most of the time the short-run combi- 
nation will not be cost minimizing in the long run. In our exam- 
ple, there is only one contract leve! where SRAC = LRAC, and 
that occurs at contract level 2, where 4L is indeed the best long- 
run amount of L to use to produce contract level 2. This is the 
reason for the diagrams in Figures 8.4.1 and 8.4.2. 
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If the function coefficient is unitary (e = 1), then the proportional change in 
inputs leads to the same proportional change in output, and we say there are 
constant returns to scale. If the function coefficient is less than 1 (e < 1), then 
the proportionai change in output is less than the proportional change in inputs 
and we say there are decreasing returns to scale, Finally, when ¢ > 1, we say 
there are increasing returns to scale. 

Let the production function be g = f(x, = then for a small change in x, 
denoted Ax, output will change by MP,Ax, which is the marginal product of x 
times the change in x. Similarly, for a small change in y, output will change by 
MP,Ay where MP, is the marginal product of y. For small changes in x and y, 
then, the output change is 


Aq = MP,Ax + MP,Ay. (8.5.2) 
Simple algebra shows that equation (8.5.2) is equivalent to 
Aq wx A. Ay 


x 
eM Pan (8.5.3) 
wee x gy 


q 
Now suppose x and y increased in the same proportion A (that is, let 
Ax/x = Ay/y = A), and we have from (8.5.3): 


ne (me F mpr,ž)a 
q q q 
or 
Ag 
e=- = MP, + mp2. S (8.5.4) 
à q q 
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Since q/x is the average product of x, and q/y is the average product of y, one 


can rewrite (8.5.4) as 


$ p= DAR (8.5.5) 

This result is easily understood if x is the only factor. Then the function 
coefficient is the ratio of marginal to average product of x. Now, the average 
product of x tells the average productivity of x on all past units. The marginal 
product tells the productivity on the next unit. If the productivity on the next unit 
exceeds the productivity on previous units, then the firm is becoming more 
productive with expanding output, or there are increasing returns to scale. Con- 
versely, if marginal product is less than average product, then the firm is be- 
coming less productive with increasing output, or there are decreasing returns to 
scale. If marginal product equals average product, then there are constant returns 
to scale. 


This result is useful in the following subsection. 
. 


Cost Elasticity 


The results of interest require some tedious but straightforward manipulation of 
symbols that is relegated to a footnote.” This symbol manipulation leads to the 


following: 


7Start with equation (8.5.4) in the text and let the prices of the two inputs be px and p,. Multiply 
and divide the first term on the far right-hand side of (8.5.4) by ps, the second term by p,. One thus 
obtains 


L MPs 1p: , MP, YP, (8.7.1) 
ma Pa 


In Chapter 7 we found that the expansion path is defined by equality between the marginal rate 
of technical substitution and the input—price ratio. Further, we saw that this may always be expressed 
by saying that the marginal product of a dollar’s worth of each input must be the same. Symbolically, 


MP MB, (8.7.2) 
Pz un Pr 
Substituting equation (8.7.2) in (8.7.1), write 
Me (Bs m) -12 (wt), 813 
Pa \4 q Px q 


Finally, we need some information from this chapter. First, by definition, total cost (C) is the sum 
of payments to all inputs, that is, the price of each input multiplied by the number of units employed 


and summed over all inputs. Thus 


C = xpx + YPs (8.7.4) 
Further, we defined average cost as AC = C/q. Substitution in equation (8.7.3) gives 
g= ao): (8.7.5) 


x 


(continued on page 238) 


237 


Chapter 8 Theory of Cost 


233 


Relation: The function coefficient is equal to the ratio of long-run average 
cost to long-run marginal cost; in symbols, 


AC 
= aC (8.5.6) 
The implications of this relation are worth exploring in some detail. First, 
recall that there are increasing, constant, or decreasing returns to scale according 
as the function coefficient exceeds, equals, or is less than one. For example, 
suppose € > 1. This implies that a proportional expansion of inputs causes 
output te expand in greater proportion. Now if e > 1,AC/MC > 1, this implies 
that a proportional increase in output causes cost to expand in smailer proportion. 
The reason is clear: since there are increasing returns to scale, the given propor- 
tional expansion of output can be achieved by a smaller proportional increase in 
input usage. At constant input prices, cost therefore increases by proportionately 
less than output. , 


Exercise: Carry out this type of argument for the case in which e < 1. 


Now continue to assume that € > 1. If total cost increases in smaller propor- 
tion than output, average cost declines. Thus over the range in which the produc- 
tion function exhibits increasing returns to scale, the long-run average cost curve 
declines (see Figure 8.5.1). On the other hand, when there are decreasing returns 
to scale (e < 1), the total cost function is elastic. This means that cost increases 
by proportionately more than output, so that average cost rises. Again the reason 
is clear: when € < 1, a given proportional increase in output requires inputs to 
be increased in greater proportion. At constant factor prices, total cost expands 
by proportionately more than output and average cost increases. 

These results may be summarized as the following: z 


Relation: Long-run average cost decreases or increases according as there 
are increasing or decreasing returns to scale; this relation holds if, and only if, 
factor prices are constant throughout. 


(continued from page 237) a 
Note that MP, is AQ/AX and p, is simply the change in cost associated with a cnange in x or AC/AX 
(see 8.7.4). Therefore, 

MP, _ 4Q/Ax _ Ag 


p AC/AX AC 


But AC/AQ is marginal cost, so MiP = zje» Which implies that 
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Figure 8.5.1. Long-run average cost and the function 
coefficient 


Cost 
Function coefficient 


Output 


The short- and long-run average cost curves are alike in that each has been drawn 
with a U shape. The reasons for this shape, however, are quite different. SAC 
is U-shaped because the decline in average fixed cost is ultimately more than 
offset by the rise in average variable cast — the latter occurring because average 
product reaches a maximum and declines. But this has nothing at all to do with 
the curvature of LAC. Increasing or decreasing returns to scale in the production 
function and certain financial economies and diseconomies of scale are the factors 
governing the shape of LAC. 


Economies of Scale 

8.6.a — 

As the size of plant and the scale of opération become larger, considering expan- 
sion from the smallest possible plant, certain economies of scale are usually 
realize“. That is, after adjusting al! inputs optimally, the unit cost of production 
can be reduced by increasing the size of plant. 

Adam Smith gave one of the outstanding reasons for this: specialization and 
division of labor. When the number of workers is expanded, fixed inputs remain- 
ing fixed, the opportunities for specialization and division of labor are rapidly 
exhausted. The marginal product curve rises, to be sure, but not for long. It very 
quickly reaches its maximum and declines thereafter. When workers and equip- 
ment are expanded together, however, very substantial gains may be reaped by 
division of jobs and the specialization of workers in one job or another. 

Proficiency is gained by concentration of effort. If a plant is very small and 
employs only a small number of workers, each worker will usually have to 
perform several different jobs in the production process. In doing so he is likely 
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to have to move about the plant, change tools, and so on. Not only are workers 
not highly specialized but a part of their work time is consumed in moving about 
and changing tools. Thus, important Savings may be realized by expanding the 
scale of operation. A larger plant with a larger work force may permit each 
worker to specialize in one job, gaining proficiency and obviating time- 
consuming interchanges of location and equipment. There naturally will be cor- 
responding reductions in the unit cost of production, 

Technological factors constitute a second force contributing to economies of 
scale. Purchasing and installing larger machines is usually proportionately less 
than the cost of smaller machines for technological reasons. For example, a 
printing press that can run 200,000 papers per day does not cost 10 times as muci, 
as one that can run 20,000 per day—nor does it require 10 times as much build- 
ing space, 10 times as many people to work it, and so forth. Again, expanding 
size tends to reduce the unit cost of production. 

Thus two broad forces—specialization and division of labor and techy 
nological factors —enable producers to reduce unit cost by expanding the scale 
of operation.* These forces give rise to the negatively sloped portion of the 
long-run average cost curve. 

But why should it ever rise? After all possible economies of scale have been 
realized, why does the curve not become horizontal? 


Diseconomies of Scale 
8.6.b 


The rising portion of LAC is usually attributed to “diseconomies of scale,” which 
essentially means limitations to efficient management. Managing any business 
entails controlling and coordinating a wide variety of activities — production, 
transportation, finance, sales, etc. To perform these managerial functions effi- 
ciently, the manager must have accurate information; otherwise the essential 
decision making is done in ignorance. 

As the scale of plant expands beyond a certain point, top management neces- 
sarily has to delegate responsibility and authority to lower-echelon employees. 
Contact with the daily routine of Operation tends to be lost and efficiency of 
Operation to decline. Red tape and paperwork expand; management is generally 
Not as efficient. This increases the cost of performing the managerial function 
and, of course, the unit cost of production. 

It is very difficult to determine just when diseconomies of scale set in and 
when they become strong enough to outweigh the economies of scale. In bus- 
inesses where economies of scale are negligible, diseconomies may soon become 
of paramount importance, causing LAC to tum up at a relatively small volume 
of output. Panel A, Figure 8.6.1, shows a long-run average cost curve for a firm 
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CONCLUSION 


Figure 8.6.1 Various shapes of LAC 


Quantity of output Quantity of output Quantity of output 
(A) (8) (©) 


LAC 


Cost (dollars) 
Cost (dollars) 


Cost (dollars) 
i 
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of this type. In other cases, economies of scale are extremely important: Even 
after the efficiency of management begins to decline, technological economies of 
scale may offset the diseconomies over a wide range of outputs. Thus the LAC 
curve may not turn upward until a very large volume of output is attained. This 
case, typified by the so-called natural monopolies, is illustrated in Panel B, 
Figure 8.6.1. } ý 

In many actual situations, however, neither of these extremes describes the 
behavior of LAC. A very modest scale of operation may enable a firm to capture 
all of.the economies of scale; however, diseconomies may not be incurred until 
the volume of output is very great. In this case, LAC would have a long horizontal 
section, as shown in Panel C. Many economists feel that this type of LAC curve 
describes most production processes in the American economy. 


The physical conditions of production and resource prices jointly establish the 
cost of production. This is very important to individual business firms and to the 
economy as a whole. But it is only half the story. Cost represents one aspect of 
economic activity: to the entrepreneur, it represents obligations to pay out funds; 
to society, it represents the resources that must be sacrificed to obtain a given 
commodity. The other aspect is revenue or demand. To the individual entrepre- 
neur, revenue is the flow of funds from which the firm’s obligations may be met. 
To society, demand represents the social valuation placed on the commodity. 

Both demand and cost must be taken into consideration. It is to the demand 


side that we tum in Part 3. 


SYNOPSIS 


@ Cost involves both the explicit payments to purchase factors and the 
implicit costs represented by the forgone alternative uses of the 
entrepreneur's time and money. „Pure economic profit may be thought of as 
accounting profit minus these }rnplici¢ ‘costs. 
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= Given the production function and factor costs, it is possible to derive 
total cost schedules that show the minimum total cost at which each total 
output can be produced. When all factors can be varied, the resulting 
schedule is called the long-run total cost schedule or function. When the 
time period involved is so short that only some factors of production can 
be varied, the resulting schedule is called the short-run cost schedule. 

m In the short run, costs can be classified as fixed and variable. Given the 
total fixed costs and the total variable cost schedule, one can derive the 
average fixed cost schedule and short-run average variable cost and 
marginal cost schedules. These schedules have certain geometric relations 
similar to those discussed in the Appendix to Chapter 6. 

= In the long run, there are no fixed costs. The long-run average cost 
schedule is, in effect, an envelope curve for the short-run average cost 
schedules. The long-run average cost schedule is a planning device in the 
sense that it represents the cost opportunities available to the entrepreneur 
before any actual plant has been built. Corresponding to the long-run 
average cost schedule is a long-run marginal cost schedule. 

= When there are constant returns to scale, the long-run average cost 
schedule will be a horizontal line. A decreasing long-run average cost 
schedule occurs when there are economies of scale; and an increasing 
long-run average cost schedule reflects diseconomies of scale. 


QUESTIONS AND EXERCISES 


Return to the problem at the end of Chapter 6. Total product column (1) is given; and 
you have computed average product column (2) and marginal product column (3). You 
are also given the following information: 
(1) Total fixed cost (total price of fixed inputs) is $220 per period. 
(2) Units of the variable input cost $100 per unit per period. Using this information, 
add to your table entries for the new categories shown below in columns (4) 


through (10). 
Aver- 
Units Total Aver- age Aver- 
ot Aver- Mar- Total vari- age vari- age Mar- 


vari- Total age ginal fixed able Total fixed able total ginal 
able product product product cost cost cost cost cost cost cost 
input (1) (2) (3) 4 © © @ &) 9 (10) 


I. Graph the total cost curves on one sheet and the average and marginal curves on 
another. 
Il. By reference to table and graph, answer the following questions. 
1, When marginal product is increasing, what is happi aing to: 
a. Marginal cost? 
b. Average variable cost? 


2. When marginal cost first begins to fall, does average variable cost begin to rise? 
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3. What is the relation between marginal cost and average variable cost when 
marginal and average products are equal? 
4. What is happening to average variable cost while average product is increasing? 
5. Where is average variable cost when average product is at its maximum? What 
happens to average variable cost after this point? 
6. What happens to marginal cost after the point where it equals average variable 
cost? 
a. How does it compare with average variable cost thereafter? 
b. What is happening to marginal product thereafter? 
c. How does marginal product compare with average product thereafter? 
7. What-happens to total fixed cost as output is increased? 
8. What happens to average fixed cost as: 
a, Marginal product increases? 
b. Marginal cost decreases? 
c. Marginal product decreases? 
d. Marginal coét increases? 
e. Average variable cost increases? 
9. How long does average fixed cost decrease? 


10. What happens to average total cost as: 
a. Marginal product increases? 
b. Marginal cost decreases? 
c. Average product increases? 
d. Average variable cost decreases? 
11. Does average total cost increase: 
a. As soon as the point of diminishing marginal returns is passed? 
b. As soon as the point of diminishing average returns is passed? 
12. When does average cost increase? Answer this in terms of: ~ 
a. The relation of average cost to marginal cost. 
b. The relation between the increase in average variable cost and the decrease in 
average fixed cost. 


IIL. Do these problems on the theory of cost. 

i. Consider the point where SAC = LAC. Explain precisely why LMC exceeds SMC 

for a decrease in output. (Hint: Both MCs show the reduction in cost attributable 

to the reduction in output.) 

Comment on the following statement: long-run average cost is a meaningless 

concept since in this period most conditions underlying the cost function will 

probably change in unpredictable ways. : 

3- Beginning with a production function or schedule involving two variable inputs, 
explain how one derives both the short- and long-run average cost curves and the 
short-run marginal cost curve. 

4. Given constant input prices and completely divisible and adaptable inputs, are the 
customary U-shaped short-run average variable cost curves consistent with a 
constant-returns-to-scale production function? Answer the same question for 
long-run average cost. 

5. What are the relations between increasing returns to scale and decreasing long-run 
ayerage cost? More generally, what relations, if any, exist between “returns to 
scale” and the shape of the long-run average cost curve? 
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6. The Southern Railway’s lines from East St. Louis (Ill.) and Evansville (Ind.) to 
grain-consuming destinations in Georgia had substantial excess trackage capacity. 
In deciding whether to invest in a sizable fleet of giant cars for carrying grain to 
these destinations and in setting rates for this traffic, Southern would rationally 
consider (a) fully allocated costs of the trackage, crew and fuel costs; (b) fully 
allocated cost of the trackage, extra equipment costs, crew and fuel costs; (c) cost 
of the new equipment, crew and fuel costs; (d) none of the above. 

7. In the late 1950s, the development of trilevel railroad “rack” cars for carrying new 
automobiles substantially lowered the costs of hauling such traffic. This 
represented (a) a change in demand for railroad services, (b) a change in supply of 
railroad services, (c) a change in supply of trucking services for new autornobiles, 
(d) all of the above. 

8. Forty years ago, several trains used the Monon Railroad Station in Lafayette, Ind., 
each day; eight years ago (and today), the station was used by one train per day in 
each direction. In deciding whether to tear down its older large station and replace 
it with a smaller building, the Monon probably considered whether (a) the total 
cost of the old building was greater than the total cost of the new building, (b) the 
variable cost of operating the old building was greater than the total cost of the 
new building, (c) the variable cost of the old building was greater than the variable 
cost of the new building, (d) the total cost of the old building was greater than the 
variable cost of the new building. 

9. Suppose that the employees of a certain firm established a labor union and are able 
to negotiate an effective featherbedding contract (that is, the firm must employ 
more workers than dictated by the conditions of optimal resource utilization). 
Determine how this featherbedding contract changes the short-run cost curves of 
the firm. Hold your answer to this exercise for a related exercise in Chapter 10. 
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Theory of the Firm and Market 
Organization 


The theory of business operation within an organized but uncontrolled market 
brings together the topics covered in Parts | and 2. Demand, the broad topic 
of Part 1, establishes the revenue side of business operation. Product demand 
determines either the quantity a firm can sell at any price it selects or the 
price a firm can obtain for any quantity it wishes to market. Market demand 
also helps to determine the type of industry structure that is likely to emerge 
in response to market conditions — whether the industry is likely to be 
competitive, monopolistic, or what have you. ¢ 

The technical conditions of production and their reflection in business 
operating costs, the subject of Part 2, establish the cost side of business 
operation and the supply conditions of the industry. Brought together, revenue 
and cost for the individual business concern and demand and supply for the 
entire market determine the market price and output of the firm and the 
industry. These forces accordingly determine the allocation of resources 
among industries as well. 

The general purpose of Part 3 is to discover how the price-output 
decisions of individual entrepreneurs and the structure of the market jointly 
determine the allocation of resources. This inquiry inevitably entails an 
appraisal of the efficiency with which resources are allocated. 

Given the conditions of demand and supply, or of revenue and cost, our 
analysis is based upon two fundamental assumptions. 

Free Market. First, we assume that each market operates freely in the 
sense that there is no external control of market forces and resources can 
move in and out of the market in response to changing incentives. In an 
economy where competition is the basic force, this assumption is a good one 
In the American economy of the 1980s, the assumption is valid for the most 
part, but there are exceptions. i 

The first exception is that government intervention can change the rules 
under which markets operate. For example, wage and price controls prevent 
the market from establishing its own price. Another example is that public 


utilities, such as the electric company, cannot choose their prices and supply 
service in accord with their own choosing. Instead, they must answer to some 
regulatory commission. Later, we will examine the pros and cons of such 
intervention, but at least initially, we analyze markets that are not affected by 
government regulation. 

A second exception is that, occasionally, firms may attempt to set price 
collectively, preventing the market from operating by the strict laws of supply 
and demand. As Adam Smith once said, 


People of the same trade seldom meet together, even for merriment 
and diversion, but the conversation ends in a conspiracy against the 
public, or in some contrivance to raise prices.! 


The key here is that a sufficiently small number of praducers exist so that 
a cartel of the kind described can form and enforce agreements. As we shall 
see, the forces of competition are strongly destabilizing to collusive behavior, 
especially when the number of producers rises above a small number or when 
buyers have strong bargaining power. For these reasons, most of the economy 
is not governed by the rules of cartel behavior and that will be the maintained 
hypothesis for this section of the book. Later, we will consider how things 
change if that assumption is dropped. 

Thus, while many markets are not “free” in the sense used here, a 
vast number are. The object is to analyze the efficiency of resource 
allocation in free markets. In case a market is not free, one is able to draw 
important inferences concerning the relative efficiency of free as against 
controlled markets. 

Profit Maximization. The second fundamental assumption used in Part 3 
is that firms attempt to maximize profits. At some level, this is tautologically 
true. But there are two real-world caveats that immediately come to mind, 

First, firms may not have all the information necessary to maximize 
profits. Profit maximization may be a difficult process that requires much 
analysis by entrepreneurs in a situation where time is costly, so decisions 
must be made quickly. 

Second, managers may not have the same interests as the owners of the 
firm and may do things that maximize their utility, but not necessarily the 
firm’s profits. For example, we might expect the manager to spend the firm’s 
resources on a plush office, even if the decor is not cost effective. 

Both of these criticisms have given rise to a large body of literature in 
economics, some of which is discussed later, But for the most part, the notion 
that firms maximize profit is a good working assumption that generally leads 
to the correct conclusions. As such, we maintain that firms maximize profits 
throughout most of the analysis.’ m 


‘Adam Smith, Wealth of Nations (Cannan ed.; London: Methuen, 1904), vol. 1, p. 130. This 
book was written in 1776. Antitrust laws of the late 19th century and early 20th century have made 
such conspiracies illegal, and price fixing is far less common now than it was at the time Smith wrote 
his famous treatise. 


*In dynamic multiperiod models, economists usually take the profit-maximization assumption to 
mean that the firm is managed so as to maximize the present value of all future net cash flows. 
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Theory of Price in Perfectly 
Competitive Markets 


The model of perfect competition is probably used by economists today more 
than ever before. This chapter combines the previous material in Parts 1 and 2 
for use in analyzing markets described by the mode! of perfect competition. 
What is meant by perfect competition? How does a firm choose an output 
level that maximizes its profit? How is the marginal cost curve of the 
previous chapter related to the competitive firm's supply curve? Where does 
the industry supply curve come from? How does a competitive industry adjust 
in the long run in response to the existence of economic profits (or losses)? In 
“Airline takes the marginal route” (see “Applying the Theory” section at the 
beginning of this chapter) you will see how an airline economist from 
Continental Air Lines uses such theoretical concepts as fixed versus variable 
cost, marginal cost, and average cost to decide which flights his firm should 
undertake in order to maximize its profits. The principles he describes as 
being so foreign to some of his fellow employees should be no surprise to the 
student (in answering the questions posed) who has mastered the principles in 
this chapter. You will also be asked to describe in detail how the competitive 
mink-farming industry (and the representative firm) would respond to an 
increase (and decrease) in the demand for mink, and to an increase in the 
price of some of its inputs, in your reading of the article, “Mink farming is 
growing more scarce as costs rise and fur demand declines” at the end of this 
chapter. Once again, the article's description of this adjustment should come 


as no surprise, 8 


APPLYING THE THEORY 


Airline Takes the Marginal Route 


Continental Air Lines, Inc., Jast year 
filled only half the available seats on its 
Boeing 707 jet flights, a record some 
15 percentage points worse than the na- 
tional average. 

By eliminating just a few rans —less 
than 5 percent— Continental could have 
raised its average load considerably. Some 
of its flights frequently carry as few as 
30 passengers on the 120-seat plane. But 
the improved load factor would have meant 
reduced profits. 

For Continental bolsters its corporate 
profits by deliberately running extra flights 
that aren’t expected to do more than return 
their our-of-pocket costs — plus a little 
profit. Such marginal flights are an integral 
part of the over-ail operating philosophy 
that has brought small, Denver-based 
Continental — tenth among the 11 trunk 
carriers — through the bumpy postwar 
period with only one loss year. 


Chief Contribution 


This philosophy leans heayily on mar- 
ginal analysis. And the line leans heavily 
on Chris F. Whelan, vice-president in 
charge of economic planning, to translate 
marginalism into hard, dollars-and-cents 
decisions. t 

Getting management to accept and apply 
the marginal concept probably is the chief 
contribution any economist can make to his 
company. Put most simply, marginalists 
maintain that a company should undertake 
any activity that adds more to revenues 
than it does to costs—and not limit itself 


to those activities whose returns equal 
average or “fully allocated” costs. 

The approach, of course, can be applied 
to virtually any business, not just.to air 
transportation. It can be used in consumer 
finance, for instance, where the question 
may be whether to make more loans — 
including more bad loans —if this will 
increase net profit. Similarly, in advertis- 
ing, the decision may rest on how much 
extra business a dollar's worth of additional 
advertising will bring in, rather than peg- 
ging the advertising budget to a percentage 
of sales—and, in insurance, where setting 
high interest rates to discourage policy 
loans may actually damage profits by caus- 
ing policyholders to borrow elsewhere. 


Communication 


Whelan finds all such cases wholly 
analogous to his run of problems, where he 
seeks to keep his company’s eye trained on 
the big objective: net profit. 

He is a genially gruff, shirt-sleeves kind 
of airline veteran, who resembles more a 
sales-manager type than an economist. 
This facet of his personality helps him 
“sell” ideas internally that might otherwise 
be brushed off as merely theoretical or too 
abstruse. 

Last summer, Whelan politely chewed 
out a group of operational researchers at an 
international conference in Rome for being 
incomprehensible. “You have failed to edu- 
cate the users of your talents to the poten- 
tial you offer,” he said. “Your studies, 
analyses, and reports are couched in tables 
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that sales, operations, and maintenance 
personnel cannot comprehend.” 


Full-time Job 


Whelan’s werk is a concrete example of 
the truth in a crack by Prof. Sidney Alex- 
ander of MIT— formerly economist for 
Columbia Broadcasting System— that the 
economist who understands marginal analy- 
sis has a “full-time job in undoing the work 
of the accountant.” This is so, Alexander 
holds, because the practices of accountants 
—and of most businesses —are permeated 
with cost allocation directed at average, 
rather than marginal, costs. 

In any complex business, there's likely 
to be a big difference between the costs of 
each company activity as it’s carried on the 
accounting books and the marginal or “true” 
costs that can determine whether or not the 
activity should be undertaken. 

The difficulty comes in applying the sim- 
ple “textbook” marginal concept to specific 
decisions. If the economist is unwilling to 
make some bold simplifications, the job of 
determining “true” marginal costs may be 
highly complex, time-wasting, and too 
expensive. But even a rough application of 
marginal principles may come closer to the 
right answer for business decision-mekers 
than an analysis based on precise average- 
cost data. 

Proving that this is so demands econo- 
mists who can break the crust of corporate 
habits and show concretely why the typical 
manager's response — that nobody ever 
made a profit without meeting all costs — 


is misleading and can reduce profits. To be 
sure, the whole business cannot make 2 
profit unless average costs are met; but 
covering average costs should not determine 
whether any particular activity should be 
undertaken. For this would unduly restrict 
corporate decisions and cause managements 
to forgo opportunities for extra gains. 


Approach 


Management overhead at Continental is 
pared to the bone, so Whelan often is 
thrown such diverse problems as soothing 
a ruffled city council or planning the speci- 
fications for the plane the line will want to 
fly in 1970. But the biggest slice of his 
time goes to schedule planning —and it is 
here that the marginal concept comes most 
sharply into focus, 

Whelan’s approach is this: He considers 
that the bulk of his scheduled flights have 
to return at least their fully allocated costs. 
Overhead, depreciation, insurance are very 
real expenses and must be covered. The 
out-of-pocket approach comes into play, 
says Whelan, only after the line’s basic 
schedule has been set. 

“Then you go a step farther,” he says, 
and see if adding more flights will con- 
tribute to the corporate net. Similarly, if 
he’s thinking of dropping a flight with a 
disappointing record, he puts it under the 
marginal microscope; “If your revenues are 
going to be more than your out-of-pocket 
costs, you should keep the-flight on.” 

(continued on page 250) 
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APPLYING THE THEORY 


(continued from page 249) 

By “out-of-pocket costs” Whelan means 
just that: the actual dollars that Continental 
has to pay out to run a flight. He gets the 
figure not by applying hypothetical equa- 
tions but by circulating a proposed schedule 
to every operating department concerned 
and finding out just what extra expenses it 
will entail. If a ground crew already on 
duty can service the plane, the flight isn’t 
charged a penny of their salary expense. 
There may even be some costs eliminated 
in running the flight; they won't need men 
to roll the piane to a hangar, for instance, 
if it flies on to another stop. 

Most of these extra flights, of course, 
are run at off-beat hours, mainly late at 
night. At times, though, Continental dis- 
covers that the hours aren't so unpopular 
after all. A pair of night coach flights on 
the Houston-San Antonio—El Paso— 
Phoenix—Los Angeles leg, added on a 
marginal basis, have turned out to be so 
successful that they are now more than 
covering fully allocated costs. 


Alternative 


Whelan uses an alternative cost analysis 
closely allied with the marginal concept in 
drawing up schedules. For instance, on his 
11:11 P.M. flight from Colorado Springs to 
Denver and a 5:20 a.m. flight the other 
way, Continental uses Viscounts that, 
though they carry some cargo, often go 
without a single passenger. But the net cost 
of these flights is less than would be the 
rent for overnight hangar space for the Vis- 
count at Colorado Springs. 
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And there's more than one absolute-loss 
flight scheduled solely to bring passengers 
to a connecting Continental long-haul 
flight; even when the loss on the feeder 
service is considered a cost on the long- 
haul service, the line makes a net profit on 
the trip. 

Continental’s data handling system pro- 
duces weekly reports on each flight, with 
revenues measured against both out-of- 
pocket and fully allocated costs. Whelan 
uses these to give each flight a careful 
analysis at least once a quarter. But those 
aaded on a marginal basis get the fine- 
tooth-comb treatment monthly. 

The business on these flights tends to be 
useful as a leading indicator, Whelan finds, 
since the off-peak traffic is more than nor- 
mally sensitive to economic trends and will 
fall off sooner than that on the popular-hour 
flights. When he sees the night coach 
flights turning in consistently poor show- 
ings, it’s a clue to lower his projections for 
the rest of the schedule. 


Unorthodox 


There are times, though, when the deci- 
sions dictated by the most expert marginal 
analysis seem silly at best, and downright 
costly at worst. For example, Continental 
will have two planes converging at the 
same time on Municipal Airport in Kansas 
City, when the new schedules take effect. 

This is expensive because, normally, 
Continental doesn’t have the facilities in 
K.C. to service two planes at once; the 
line will have to lease an extra fuel truck 
and hire three new hands—at a total 
monthly cost of $1,800. 


—? 


But, when Whelan started pushing 
around proposed departure times in other 
cities to avoid the double landing, it began 
to look as though passengers switching to 


- competitive flights leaving at choicer 


hours, would lose Continental $10,000 
worth of business each month. The two 
flights will be on the ground in K.C. at the 
same time. x 


Full Work Week 


This kind of scheduling takes some 
35 percent of Whelan’s time. The rest of 
his average work week breaks down this 
way: 25 percent for developing near-term, 
point-to-point traffic forecasts on which 
schedules are based; 20 percent in analyz- 
ing rates— Whelan expects to turn into a 
quasi-lawyer to plead Continental’s view- 
point before the Civil Aeronautics Board; 
20 percent on long-range forecasts and the 
where-should-we-go kind of planning that 
determines both which routes the line goes 
after and which it tries to shed. (Whelan’s 
odd jobs in promotion, public relations, 
and general management don’t fit into that 
time allotment; he says they “get stuck on 
around the side.”) 

The same recent week he was working 
on the data for his Kansas City double- 
landing problem, for instance, he was 
completing projections for the rest of 1963 
so that other departments could use them 
for budget making, and was scrutinizing 
actions by Trans World Airlines, Inc., and 
Braniff Airways, Inc. TWA had asked 
CAB approval for special excursion fares 
from Eastern cities to Pacific Coast ter- 
minals; Whelan decided the plan worked 


out much the same as the economy fare on 
Continental's three-class service, so will 
neither oppose nor match the excursion 
deal. Braniff had just doubled its order — 
to 12— for British Aircraft Corp.'s 111 
jets. Whelan was trying to figure out 
where they were likely to use the small 
planes, and what effect they would have 
on Continental's share of competing routes 
in Texas and Oklahoma. 

At the same time, Whelan was meeting 
with officials of Frontier Airlines and 
Trans-Texas, coordinating the CAB-ordered 
takeover by the feeder lines of 14 stops 
Continental is now serving with leased 
DC-3s 

And he was struggling, too, with a 
knotty problem in consumer economics: He 
was trying to sell his home on Denver's 
Cherry Vale Drive and buy one in Los An- 
geles, where Continental wili move its 
headquarters this summer. 


Question 


Once you have understood what Con- 
tinental’s economist, Chris Whelan, is do- 
ing in the actions described in-this article, 
you should be able to answer the following 
similar (but hypothetical) decision problem 
correctly. 

1. Suppose Ferguson Airlines flies be- 
tween Tacoma and Portland. They 
lease their planes on a year-long 
contract, at a cost which averages out 
to $405 per flight. Other costs such as 
fuel, stewardesses, etc. amount to $595 
per flight. The flight averages 15 pas- 
sengers per flight at a ticket price of 

(continued on page 252) 
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APPLYING THE THEORY 


(continued from page 251) $595. Since the additional revenue 
$50. All prices and costs are expected from running the flight exceeds the ad- 
to continue at their present levels. ditional cost, the flight should be run 
Which of the following is the profit- as long as the lease is still in effect. 
maximizing course for Ferguson to (The lease is a fixed cost which must 
follow: be paid regardless of whether the flight 
a. Ferguson should drop this flight is undertaken. As such it has no bearing 

immediately? on the short-run decision.) However, 
b. Ferguson should continue the flight in the long run— when the lease has 

indefinitely? expired —this flight should not be 
c.“ Ferguson should continue flying continued because at that point the 

until the lease expires and then drop additional revenue will not cover the 

the run? additional cost ($405 + $595), since 

Ferguson does not have to renew 
Solution the lease. 


1. The correct c action is (c). The 
Orgs gs © Source: Reproduced from Business Week, April 20, 


revenue per flight will be $50 x 15 or 1963, pp. 111-112, 114 by special permission. 
$750. The variable cost of the flight is Copyright 1963 by McGraw-Hill, Inc. 


Marginal Analysis in'a Nutshell 
Problem: Shall Continental run an extra daily flight from City X to City Y? 
The facts: Fully-allocated costs of this flight $4,500 
Out-of-pocket costs of this flight $2,000 


Flight should gross $3,100 
Decision: Run the flight. It will add $1,100 to net profit — because it will add $3,100 to revenues and only 
$2,000 to costs. Overhead and other costs, totaling $2,500 [$4,500 minus $2,000], would be 
incurred whether the flight is run or not. Therefore, fully-allocated or “average” costs of $4,500 
are not relevant to this business decision. It’s the out-of-pocket or “marginal” costs that count, 


INTRODUCTION 


“Perfect competition” is an exacting concept forming the basis of the most 
important model of business behavior. The essence of the concept, to be defined 
more fully below, is that the market is entirely impersonal. There is no “rivalry” 
among suppliers in the market, and buyers do not recognize their competi- 
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tiveness vis-a-vis one another. Thus, in a sense, perfect competition describes 
a market in which there is a complete absence of direct competition among 
economic agents. t 

In ordinary conversation, the market for automobiles, say, or for razor blades 
would be described as highly competitive; each firm competes vigorously with its 
rivals, who are few in number. A major area of competition is in advertising. The 
advertisement of one firm wil! state that its product is superior to tht of its rivals, 


~ which it will sometimes name. Firms also strive to attract customers by means of 


style features, method of packaging, claims of durability, and such. More gener- 
ally, there is active, if sometimes spurious, quality competition. 

The type of market just described, however, is not what the economist means 
when speaking of perfect competition. When this austere concept is used, no 
traces of personal rivalry can appear. All relevant economic magnitudes are 
determined by impersonal market forces. 

Still, even this most abstract notion of competition is not inconsistent with 
what some managers think of as competition. Farmers selling wheat do so in what 
is close to a perfectly competitive market. Although no farmer sees any other 
particular farmer as a personal rival, each recognizes the discipline of the market- 
place. If a farm is not able to produce as cheaply as others in the market, then 
it will not be able to compete successfully. In this sense, the most formal defini- 
tion of perfect competition has its representation in common "sage. Competition 
implies that relative performance is important, Even if one producer cannot 
identify his or her rival personally, rivalry with the market nonetheless exists. 


PERFECT COMPETITION 
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An understanding of concepts of perfect competition and equilibrium in a per- 
fectly competitive market is facilitated by the following scenario or parable. 
Consider the market for a given commodity and suppose that participants in this 
market are divided into two groups: one group consists of producers or suppliers 
of the commodity; the other group consists of consumers or demanders of the 
commodity. Exchange between these groups is accomplished through an auc- 
tioneer, in the following manner. The auctioneer announces a price for the 
commodity, and each cor amer decides how much of the commodity to purchase 
at that price. Similarly, each producer decides how much of the commodity to 
supply at the announced price. The auctioneer adds up the demands of all the 
consumers and also adds up the supply offers of all the producers. If the aggregate 
demand equais the aggregate supply, the announced price is said to be the equili- 
brium price, and transactions are consummated at this price. If, at.the currently 
announced price, the quantity that consumers wish to purchase is not the same as 
the quantity that producers wish to supply, a new price is announced by the 
auctioneer. This process is repeated until an equilibrium price is found. 
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Three important conditions are used by economists to define perfect com- 
petition. We will discuss these conditions and how each is related to the 
“auctioneer” parable. 


prce-Taking Demanders and Suppliers 
a 


In the above parable, every market participant, whether demander or supplier, 
regards price as given. While it is true that the aggregate behavior of demanders 
and suppliers affects the price, no economic agent takes the effect of its behavior 
on price into account when making a consumption or production decision. Fre- 
quently, economists try to capture the essence of the price-taker assumption by 
stipulating that in a competitive market, every economic agent is so small, 
relative to the market as a whole, that it cannot exert a perceptible influence on 
price. The critical ingredient, however, is not the assumption of a large number 
of small economic agents but rather the assumption that each economic agent acts 
as if prices are given. In the wheat market, no one farm can affect price because 
its output is so small relative to the rest of the market. As such, each farm believes 
(rationally) that from its point of view, price is given and will not be affected by 
„its sales of wheat. Similarly, the shopper who buys a loaf of bread (correctly) 
assumes that this single purchase will not drive up the price of bread. Because the 
buyer’s demand is so small relative to the rest of the market, the effect of the 
purchase on price is trivial. 


Homogeneous Product 
9.2.b 


A closely related provision is that the product of any one seller in a perfectly 
competitive market must be identical with the product of any other seller. This 
ensures that buyers are indifferent as to the firm from which they purchase. 

The relationship of this assumption to the auctioneer parable is obvious: in 
that parable, consumers make no distinctions among the outputs of different 
producers, 


Free Entry of Resources 
9,2.¢ 


A third condition for perfect competition is that resources can move in and out 
of the relevant industry in response to pecuniary signals. 

Free entry means that new firms (or new capital) can enter and leave an 
industry without extraordinary difficulty. If patents or copyrights are required, 
entry is not free. Similarly, if average cost declines over an appreciable range of 
output, established producers will have cost advantages that make entry difficult. 
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In terms of the earlier parable, the assumption of free entry of resources means 
that during the auction process, individual producers can decide to offer no output 
if they so desire and also that new producers can enter and make supply offers 
when they wish. 


Perfect Information about Prices 
9.2.d 


Consumers and producers must possess perfect information about prices if a 

market is to be perfectly competitiv>. If consumers are not fully cognizant of 

prices, they might buy at higher prices when lower ones are available. There will 

not be a uniform price in the market and consumers will search for the lowest 

price, while producers search for the highest. Such search behavior is an impor- 

& tant topic, but it is not part of what is usually thought of as perfect competition. 
The discussion to this point can be summarized by the following definition. 


Perfect Competition: Perfect competition is an economic model of a market 
_ possessing the following characteristics: each economic agent acis as if 
prices are given, that is, each acts as a price taker; the product is 
homogeneous; there is free entry; and all economic agents in the market 
possess complete and perfect knowledge about the relevant prices. J 


These assumptions seem unrealistic for most markets, so why bother with such 
a model? The answer can be given in as much or as little detail as desired. For 
our present purposes, it is brief. First, generality can be achieved only by means 
of abstraction. Hence no «heory can be perfectly descriptive of real-world phe- 
nomena. Further, the more accurately a theory describes one specific real-world 
case, the less accurately it describes all others. In any area of thought a the- 
oretician does not select his assumptions on the basis of their realism; the conclu- 
sions, not the asumptions, are tested against reality. 

This leads to a point of great, if pragmatic, importance. The conclusions 
derived from the model of perfect competition have, by and large, permitted 
accurate explanation and prediction of real-world phenomena. That is, perfect 
competition frequently works as a theoretical model of economic processes. The 
most persuasive evidence supporting this assertion is the fact that despite the 
proliferation of more “sophisticated” models of economic behavior, economists 
today probably use the model of perfect competition in their research more than 
ever before. 


CONSEN ce! 
SHORT-RUN EQUILIBRIUM OF A FIRM IN A PERFECTLY COMPETITIVE MARKET 
93 ; 
In the short run, the rate of output per period of time can be increased or decreased 
by increasing or decreasing the use of variable inputs. The individual firm can 
adjust its rate of output over a wide range, subject only to the limitations imposed 
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by its fixed inputs (generally, plant and equipment). Since each firm adjusts until 
it reaches a profit-maximizing rate of output, the market or industry also adjusts 
until it reaches a point of short-run. equilibrium. 


Short-Run Profit Maximization, Total Revenue-Total Cost Approach 
9.3.a 


As noted, we assume that each firm adjusts its rate of output so as to maximize 
the profit obtainable from its business operation. Since profit is the difference 
between the total revenue from saies and the total cost of operation, profit is a 
maximum for the rate of output that maximizes the excess of revenue over cost 
(or minimizes the excess of cost over revenue), 

Consider the example contained in Table 9.3.1 and shown graphically in 
Figure 9.3.1, The first two columns of the table give the demand cle for the 
perfectly competitive producer. Market price is $5 per unit; the firm can sell as 
many units as it wishes at this price. The product of columns 1 and 2 gives total 
revenue, the entries appearing in column 3. The straight line in Figure 9.3.1 is 
a graphical representation. Notice that the total revenue curve is always a straight 
line in the case of perfect competition because unit price does not change when 
quantity sold changes. 5 

Columns 4, 5, and 6 give total fixed, total variable, and total cost, respec- 
tively. Total cost is graphed as the curved line in Figure 9.3.1. Profit— the 
difference between total revenue and total cost—is shown in the last column of 
Table 9.3.1, and it is represented by the positive or negative distance between the 
total revenue and total cost curves in Figure 9.3.1. Profit is first negative, be- 
comes positive, and is ultimately negative again. In Figure 9.3.1, the shaded 
areas denote the range of output over which profit is negative (a loss is incurred). 
It is clear from either the table or the figure that maxirnum profit is $7.50, 
achieved with an output of either seven or eight units. 

The total revenue-total cost approach is a useful one“from some standpoints; 
however, it does not lead to an analytical interpretation of business behavior. To 
get at this, the familiar marginal approach must be adopted. 


Short-Run Profit Maximization, the Marginal Approach 


The definitions of marginal revenue and marginal cost arè familiar from Chap- 
ters 5 and 8, respectively, Similarly, the method of calculating each has been, 
learned. Applying these methods to the data in Table 9.3.1, we obtain the infor- 
mation in Table 9.3.2. 


"The seeming indeterminacy of the rate of output is attributable to the discrete data used in this 
hypothetical example. If continuous data were used, it would be obvious that the profit-maximizing 
Output is cight units per period of time. This is because the maximum distance Separating thé two 
curves occurs at the point where the tangents to the curves have the same slope. From the two tangents 
constructed in Figure 9.3.1, it is easily seen that the slopes are equal only at the output of eight units 
per period of time. 
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$5.00 1 $ 5.00 $15.00 $ 200 $1700 $12.00 
5.00 2 * 10.00 15.00 3.50 1850 = 86 
5.00 3 15.00 16.00 450 1950 ~= 450 
5.00 4 20.00 15.00 5.75 20.75 ~ 075 
5.00 5 25.00 15.00 72 2225 + 275 
5.00 6 30.00 15.00 925 24.25 + 575 
5.00 7 35.00 15.00 12.50 2750 + 750 
5.00 8 40.00 15.00 17.50 3250 + 750 
5.00 9 45.00 15.00 25.50 4050 + 450 
5.00 10 50.00 15.00 37.50 6250 =- 250 


Figure 9.3.1 Profit maximization by the total 
revenue—total cost approach 
Total cost 


Total 
revenue 


Revenue and cost (dollars) 
8 8 è 8 


012345678 9 1 
Quantity 


Columns 1 and 2 show the demand or marginal revenue curve, identical 
figures for the firm in a perfectly competitive market (as explained in Chapter 5). 
Column 3 contains the marginal cost figures, while average total or unit cost has 
been computed from column 6, Table 9.3.1, and entered in column 4, Unit 
profit, the difference between price and average total cost, is shown in column 5. 
Finally, total profit, the difference between total revenue and total cost, is con- 
tained in column 6. i 

As in the previous case, maximum profit corresponds to cither seven or eight 
units of output and sales per period of time. Unit profit is a maximum at seven 
units of output, but this is immaterial inasmuch as the entrepreneur is concerned 
with total profit. 


257 


a lf, 


258 | 


Table 9.3.2 Marginal revenue, marginal cost, and profit E 


4 5) 6 
(1) Marginal (3) 4) (5) (6) 
and revenue Marginal Average Unit Total 
sales or price cost total cost profit profit 
1 $5.00 $ 2.00 $17.00 —$12.00 —$12.00 
2 5.00 1.50 9.25 =~ 426 = 8.50 
3 5.00 1.00 6.50 = a:50 = 450 
4 5.00 1.25 5.19 = 0.19 - 075 
5 5.00 1.50 4.45 +0.55 + 275 
6 5.00 2.00 4.04 + 0.96 + 575 
7 5:00 3.25 3.93 + 1.07 + 7.50 
8 5.00 5.09 4.06 + 0.94 + 7.50 
9 5.00 8.00 4.50 + 0.50 + 4.50 
10 5.00 12.00 5.25 = 0.25 2:50 


ee 


The data in Table 9.3.2 are plotted in Figure 9.3.2. The short-run equilibrium 
of the firm is clearly attained at point E, where marginal cost equals marginal 
revenue. Alternatively stated, since marginal revenue equals price for a perfectly 
competitive producer, short-run equilibrium occurs at the output point for which 
marginal cost equals price. 


proar of the Short-Run Equilibrium 
.3.c 


To prove the proposition that a firm in perfect competition attains its profit- 
maximizing equilibrium at the rate of output for which marginal cost equals price, 
the hypothetical example of Figure 9.3.2 has been converted to the general 
representation in Figure 9.3.3. The theorem follows immediately from the defi- 
nitions of marginal revenue and marginal cost.* 


*Let p = f(q) represent the inverse demand function. Hence gf(q) is total revenue, Further, let 
C =A + g(q) be the total cost function. Profit (7) is thus m = qf(q) - A — &(q). Profit is a 
maximum when dz/dq = 0 and d*z/dq? < 0. Taking the first derivative and equating with zero, 


di/dq = f(g) — g'ia) =0 (9.3.1) 
or F 

fa) = 8'i), (9.3.2) 
because p = f(g) is a given constant. Marginal cost is '(q); see Chapter 8. Marginal revenue and 
price are both given by f(g). He*ce, equation (9.3.2) states that marginal revenue or price must equal 
marginal cost. This is the necessary condition for profit maximization. From equation (9.3. 1) the 
second-order condition is that d?/dq? = —g"(g) < 0,0r 

g") > 0. (9.3.3) 
Hence, stability of equilibrium, by inequality (9.3.3), requires a positively sloped marginal 
cost curve. 
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Figure 9.3.2 Profit maximization by the marginal Figure 9.3.3 Short-run equilibrium at point where 
approach J marginal cost equals prios 
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Marginal revenue is the addition to total revenue attributable to the addition 
of one unit of sales, while marginal cost is the addition to total cost resulting from 
the addition of one unit to output. Thus it should be evident that profit increases 
when marginal revenue exceeds marginal cost and diminishes when marginal cost 
exceeds marginal revenue. Profit must, therefore, attain its maximum when 
marginal revenue and marginal cost are equal. 

Consider Figure 9.3.3. The fundamental proposition is that at market price 
Op, the firm attains a profit-maximizing equilibrium at point £, corresponding to 
the output of Og units per period of time. If the rate of output were less than OQ, 
say Oq., marginal revenue q,B would exceed marginal cost g.A. Adding a unit 
to output and sales would increase total revenue by more than total cost, Profit 
would accordingly increase, and it would continue to increase so long as marginal 
revenue exceeds marginal cost. 

On the other hand, suppose the rate of output exceeded Og — say Oq,. At this 
point, marginal cost q,F exceeds marginal revenue q,C. This unit of output 
causes total cost to increase by more than total revenue, thereby reducing profit 
(or increasing loss). As is evident from the graph, profit must be reduced by 
adding a unit of output and sales whenever marginal cost exceeds marginal 
revenue. 

Therefore, since profit increases when marginal revenue exceeds marginal 
cost and declines when marginal revenue is less than marginal cost, it must be a 
maximum when the two are equal. Furthermore, since price equals marginal 
revenue fora firm in perfect competition, the following theorem has been proved. 


Proposition: A firm in a perfectly competitive industry attains its short-run, 
profit-maximizing equilibrium by producing the rate of output for which 
marginal cost equals the given, fixed market price of the commodity. 
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Profit or Loss? 
9.3.4 


The equality of price and marginal cost guarantees either that profit is a maximum 
or that loss is a minimum. Whether a profit is made or a loss is incurred can be 
determined only by comparing total revenue to total cost. Since 


Profit = Total revenue — Total cost, 
a loss is incurred whenever 


Total revenue < Total cost. 


Now, 
TR = (p)(q) 
and 
AC = TC/q. 
So profit is positive if 
TR >TC 
or if 
(p)(q) > (AC) (q) 
or if 


p > Ac. 


So, if price exceeds unit cost, the firm will enjoy a profit in the short run. On the 
other hand, if unit cost exceeds price, a loss must be incurred. 

Figure 9.3.4 illustrates this. MC and ATC represent marginal cost and average 
total cost, respectively. First, suppose short-run market equilibrium establishes 
the price Op, per unit. The demand and marginal revenue curves for the firm are, 
therefore, given by the horizontal line labeled D; = MR,. Short-run equilibrium 
is attained when output is Oq, units per period of time. At this rate of output, total 
revenue (price times quantity) is given by the area of the rectangle Oq, Cp.. 
Similarly, totai cost (unit cost times quantity) is the area of Og, EF. Total revenue 
exceeds total cost, and profit is represented by the area of the rectangle CEFp,. 

On the other hand, suppose the market price—quantity equilibrium established 
the price Op. In that case the optimum rate of output would be Og, units per 
period of time. Total revenue is the area of Og, Bp2, while total cost is Oq, AG. 
Since total cost exceeds total revenue, a loss is incurred in the amount represented 
by the area of p, BAG. 

When demand is D} = MR; there is no way the firm can earn a profit. If output 
were either smaller or greater than Oq, units per period of time, the loss would 
simply be greater. One might therefore ask why the firm does not go out of 
business since a loss is incurred at any rate of output. 
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Figure 9.3.4 Profit or loss in the short run 
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The basic answer to this question is that a firm incurring a loss will continue to 
produce in the short run if, and only if, it loses less by producing than by closing 
the plant entirely. As you will recall from Chapter 8, there are two types of costs 
in the short run: fixed costs and variable costs. The fixed costs cannot be changed 
and are incurred whether the plant is operated or not, Fixed costs, that is, are the 
same at zero output as at any other. These costs are already sunk. For example, 
once the lease on a plant has been signed, there is little that can be done about 
the rent until the lease is up. As such, the rent is a sunk cost and must be borne, 
independent of output. 

So long as total revenue exceeds the total variable cost of producing the 
equilibrium output, a smaller loss is suffered when production takes place. 
Figure 9.3.5 is a graphical demonstration of this. 

As previously explained, the business decision regarding production in the 
short run is not affected by fixed costs. Therefore, only the average total cost, 
average variable cost, and marginal cost curves are shown in Figure 9.3.5. Since 
our discussion involves only a loss situation, the price lines are constructed so as 
to lie entirely beneath the average total cost curve. First, suppose market price is 
Op,, so the firm's demand—marginal revenue curve is given by Dı = MR,. Profit 
maximization (or loss minimization) leads to producing the output for which 
marginal cost equals price — production occurs at point B, or at the rate of Og, 
units per period of time. At this rate of output the firm loses AB dollars per unit 
produced. However, at the price Op, average variable cost is not only covered but 
there is an excess of BC dollars per unit. The average cost of the variable inputs 
is qı C dollars per unit of output. The price obtained per unit is qı B. The excess 
of price over average variable cost, BC, can be applied to the fixed costs. Thus 
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Figure 9.3.5 Ceasing production in the short run 
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not all of the fixed costs are lost, as would be the case if production were 
discontinued. Although a loss is Sustained, it is smaller than the loss associated 
with zero output. 

This is not always the case, however. Suppose market price were as low as 
Op>, so that demand: is given by D, = MR). If the firm produced at all, its 
equilibrium output would be Oq units per period of time. Here, however, the 
average variable cost of production exceeds price. The firm producing at this 
point would not only lose its fixed Costs, it would lose EF dollars per unit on its 
variable costs as well. Thus when price is below average variable cost, the 
short-run equilibrium output is zero. 

As shown in Chapter 8, average variable cost reaches its minimum at the 
point where marginal cost and average variable cost intersect —point G in 
Figure 9,3.5. If price is less than qG dollars per unit, equilibrium output is 
determined by the intersection of marginal cost and the price line, 

Using the proposition just discussed, it is possible to derive the short-run 
Supply curve of an individual firm in a perfectly competitive market.’ The process 
is illustrated in Figure 9.3.6. Panel A of the figure shows the Marginal cost curve 
of a firm for rates of output greater than that associated with minimum average 
variable cost. Suppose market price is Op,. The corresponding equilibrium rate 
of output is Og,. Now on Panel B find the point associated with the coordinates 
Op,, Oq;, Label this point S,; it represents the quantity supplied at price Op,. 

Next, suppose price is Op,. The equilibrium output is Oq. Plot the point 
associated with the coordinates Op2, Oq, on Panel B— it is labeled $}. Similarly, 
other equilibrium quantities supplied can be determined by postulating other 


*An application of this principle is given in the article, “Airline Takes the Marginal Route” in the 
“Applying the Theory” section at the beginning of this chapter. Refer to its questions to test your 
understanding. 
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Figure 9.3.6 Derivation of the short-run supply curve of an individual producer in 
perfect competition i ie ee 
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market prices (for example, price Op; leads to output Og, and point S} on 
Panel B). Connecting all of the $ points so generated, one obtains the short-run 
supply curve of the firm, the curve labeled § in Panel B. But by construction, the 
S curve is precisely the same as the MC curve, The following is therefore 
established: 


‘Proposition: The short-run supply curve of a firm in perfect competition is 
precisely its marginal cost curve for all rates of output equal to or greater than 
the rate of output associated with minimum average variable cost. For market 
prices lower than minimum average variable cost, equilibrium quantity supplied 
is zero. 


SHORT-RUN EQUILIBRIUM IN A PERFECTLY COMPETITIVE INDUSTRY 
9.4 


At this point it is useful to understand how individual firms’ supply curves 
M aggregate in the short run to produce an industry supply curve. 


The Short-Run Industry Supply Curve 
9.4.8 
To make matters simple, let us suppose that there exist 100 identical firms in the 
industry, each with cost curves as shown in Figure 9.4.1, Panel A. 

Recall that the supply curve for cach of the 100 firms is merely the part of the 
marginal cost curve that lies above the (minimum of the) average variable cost 
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NUMERICAL EXERCISE 


A perfectly competitive firm is faced with the following total cost 
schedule: 


Gee O, nl aA eo OM e910 
TC 9 2 30 39 47 54 60 67 77 90 109 


Questions 


1. If the market price is $13, what output will the firm choose 
to produce to maximize profits? What is the maximum 
profit? 

2. Suppose the market price falls to $6. How much will the 
firm choose to produce now and what will be its profit? 

3. Graph the firm's MC and AVC curves. Show the firm's sup- 
ply curve in the short run. How did you derive it? 


Q 
Vin 2 oS. 4 . 5, EPE D E ET) 


Solutions 


1. To maximize profit, set Q such that MR = MC. MR = $13 
at each output level (Why?), MC schedule is shown below: 


Oo OS al ho Ste hg hg? 19 
MG = 11 10 9.8 7 6° "7 “10 13. 19 
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Profit is maximized at Q such that MR = MC. Since 
MR = $13 everywhere, MC will produce 9 units. 


m = TR = TC = (13 x 9) — 90 = 117 — 90 = 27. 


Maximum profit is $27. 

2. Again, since the firm is in a perfectly competitive industry, 
MR = P = 6. Setting MR = MC, we find that profit is 
maximized where MC = $6, or at an output of 6 units. 
However, when we calculate profit, we find: ` 


m = TR - TC = (P XQ) — TC = (6 x 6) - 60 
= 36 — 60 = —24. 


That is, the firm suffers a loss of $24. However, if the 
firm shuts down and produces nothing, it will incur a total 
cost of $9 and earn no revenue, and thus suffer a loss of $9. 
Therefore, the firm will choose to produce nothing and lose 
$9 (rather than produce 6 units and lose $24.) 

3. The darkly shaded curves are the firm's supply curve. For 
any P, a competitive firm has MR = P, so MR = MC is 
satisfied for P, Q combinations represented by the rising 
portion of the MC curve. However, if P < AVC, the firm's 
revenues (TR) do not cover variable costs: as a result, the 
firm would lose more than its fixed costs by producing 
where P < AVC, It therefore will produce no output where 
P < AVC, or where MC[=P] < AVC, (which is the same 
thing). Thus, the supply curve is the same as the MC curve 

above the AVC curve, and @ = 0 for any lower price. 


curve. For example, if the price were 2, each firm would supply 10 units; if it 
were 4, each would supply 15 units. 

ol It follows immediately that the amount supplied by the enure industry at a 
price of 2 is 1,000 units (10 per firm * 100 firms) and that the amount supplied 
at a price of 4 is 1,500 units. This is shown in Panel B by points on the MC 
curve. (The £ is used to denote the summation across all of the 100 firms.) 

Given that industry supply curve, it is a simple matter to calculate industry 
price and quantity. If the demand for the good by the entire market is given by 
Din Panel B, then the equilibrium price and quantity are derived as always: 
‘Equilibrium is at the intersection of market supply and market demand. This 
occurs at point A, where the quantity is 1,500 and the price is 4. 
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Figure 9 4.1 Output choice 


Price and cost (dollars/unit) 
Price and cost (dollars/unit) 


1000 1500 
Quantity } Quantity 
(A) (B) 


Obviously, this equilibrium must be consistent with the individual firms’ 
supply curves, because the market supply curve was derived from those curves. 
Specifically, if the market price is 4, consumers derhand 1,500 units. At a price 
of 4, each of the 100 firms would like to produce 15 units so that market supply 
is 1,500. Supply equals demand and a short-run equilibrium has been found. 

Firms need not be identical. The analysis i the same when they are not; 
we sum the individual firms’ managerial cost®curves to obtain the industry 
supply curve. v 


"wy F 


"casual EQUILIBRIUM IN A PERFECTLY COMPETITIVE MARKET 


Since all inputs are variable in the long run, an entrepreneur has the option of 
adjusting plant size, as well as output, to achieve maximum profit. In the limit, 
the business can be liquidated entirely, by transferring its resources into a more 
profitable investment alternative. But just as established firms may leave the 
industry, new firms may enter the industry if profit prospects are brighter there 
than elsewhere. Indeed, adjustment of the number of firms in the industry in 
response to profit motivation is the key element in establishing long-run equi- 
librium. 


Entry and Exit of Firms from the Industry 
1.9.8 


i For the moment, let us ignore the. possibility of different plant sizes. Assume 
instead that there is only one possible technology represented by the cost curves 
shown in Figure 9.5.1, Panel A. . 
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Figure 9.5.1 Equilibrium price 


Quantity Quantity 
(A) (B) 


Again, suppose that at the outset there are 100 identical firms. This implies 
that the industry supply curve is 100 times the supply curve of each firm, shown 
as EMC in pena B. The market equilibrium is at Qo (= 100 X qo) shown by 
point A. 

Although this is a short-run equilibrium, it cannot be a long-run equilibrium. 
The reason is that profits are being made by each of the firms in the industry. We 
can see this directly in Panel A because Po lies above ACo, so total revenue 
exceeds total cost. . 

This profit induces other firms to enter the industry. Each time a new firm 
enters with the same cost curve, the industry supply curve shifts rightward. This 
is because now we have to sum over, say, 101 individual firm supply curves 
rather than only over the initial 100. Firms continue to enter the industry until the 
EMC curve shifts to [MC;. At that point, the equilibrium point has fallen to Pi 
and the equilibrium market quantity is Q, shown at point C. 

Each firm in the industry now elects to supply q, of output and locates at 
point D in Panel A. There are a number of interesting features that warrant 
discussion. 

First, this is a long-run equilibrium because the level of economic profit in the 
industry is zero. (Recall that zero economic profit does not imply that the en- 
trepreneur and capital do not earn their return. It merely requires that they earn 
no more here than would be available elsewhere.) No firms have an incentive to 
enter and none has an incentive to leave. Each is content to produce q, units and 
the total for the industry is Q), so supply equals demand. The difference between 
the long-run equilibrium and the short-run equilibrium is that although supply 
equals demand in both cases, long-run equilibrium is defined as that situation 
when supply equals demand and economic profits are exactly zero. 


; 
> 
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Long-Run Equilibrium: An industry is said to be in iong-run equilibrium when 
two conditions hold: market supply equals market demand and all firms which 
are using the lowest cost technology earn zero economic profits. 


The second interesting feature is that although industry output went up as the 
industry moved toward long-run equilibrium, each existing firm’s output fell, 
(That is, Q, > Qo, but qı < qo.) This comes about for two reasons: First, indus- 
try output rises because more firms have entered the industry. But the reduction 
in price brought about by the additional supply makes each of the firms less 
willing to supply large quantities. So each firm cuts back somewhat, but the total _ 
Output expands. How do we know that the expansion effect swamps the per-firm — 
contraction? It is clear because the contrary results in a contradiction. If the 
cutback per firm were more important than the increase in the number of firms, 
then the total supply to the industry would fall. But if that were true, price would 
have to rise, because the demand curve has negative slope. However, if price 
rises, no firm wants to cut back output at all. With each-firm expanding output 
and the number of firms increasing, total industry supply must rise, which implies 
a fall in price. This contradiction implies that the reverse must be true, namely 
that each firm reduces output, but that industry output rises. J, 

Aud bo Xt ray prope cen . 
Exercise: Suppose that the short-run equilibrium had firms taking losses. 


Trace the movement to a new long-run equilibrium and discuss changes in 
price, quantities, profits, and the number of firms in the industry. 


bed of Optimal Plant Size in the Long Run 


In the long run, an entrepreneur adjusts plant size and rate of Output to attain 
maximum profit. The adjustment Process is illustrated in Figure 9.5.2, 

Let market price be OP and Suppose the firm has a plant whose costs are, 
represented by SAC, and SMC, (short-run average total cost and marginal cost, 
respectively). With this plant, short-run equilibrium is reached at point A, corre- 
sponding to output of Oq, units per period of time. At this point the firm sustains 
a small loss on each unit of output produced and sold. 

In looking to the long run, or the planning horizon, the entrepreneur has two 
options: go out of business_or_construct—a plant of more suitable size. For 

"example, the entrepreneur could decide upon the plant size represented by SAC; 
jen tote SR, OS and SMC. At price OP, the firm would produce Oq units per period of time and 
bingo igpbionsd dent inake a pure profit of BC dollars per unit. However, with perfect knowledge, the 

: pet) af Plant represented by SAC, and SMC; would be constructed, 
Diy g 4 SRY Although this adjustment occurs, point E cannot represent a long-run equi- 
CI) taline mogel: taik Tibrium because positive profits are being made (P > SAC, at qs). In the long 


Moe (serge) i UN, it must be true that optimal plant size is selected and that profit equals zero. 
tote a 
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Figure 9.5.2 Long-run adjustment of plant size 


Price and cost (dollars) 


Quantity 


The equilibrium must be such that each firm selects the plant that corresponds 
to SAC; and produces at point H. There zero profit is attained and no change in 
plant structure can increase profitability.’ 

The process of long-run equilibrium adjustment is illustrated by Figure 9,5,3. 
Suppose each firm in the industry is identical, The original size is represented by 
SAC, and SMC, in Panel A, The market demand curve is given by DD’ in 
Panel B, and the market supply is $, 5), Market equilibrium establishes the price 
of OP, dollars per unit and total output and sales of OQ, units per period of time 
At price OP, each firm attains a point of short-run equilibrium where SMC, equals 
price. Each firm produces Oq, units per period of time and reaps a pure economic 
profit of AB dollars per unit. As Panel A is constructed, this position could be 
one of long-run equilibrium inasmuth as marginal cost equals price at this point. 

From the standpoint of the market as a whole, however, the present situation 
is not stable. Each firm in the industry enjoys a pure economic profit —a rate of 
return on invested resources greater than could be earned in any alternative 


“This assumes that qs is small relative to the total quantity sold on the market, If it is not, 
then the situation becomes more complex. In most competitive industries, q, is small relative to 
market supply, 
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Figure 9.5.3 Long-run equilibrium through entry and exit 


Price and cost (dollars) 


Quantity Quantity 
Panel A: Long-run equilibrium Panel B: Long-run market 
adjustment in typical firm equilibrium 


employment. Therefore, in the long run some firms in less profitable industries 
will switch to the industry in question because a greater profit can be earned there. 

The process of new entry might be very slow, or it might be very fast; this 
depends primarily upon the liquid assets in other industries, In any event, as time 
elapses, new firms will enter the industry, thereby shifting the industry supply 
curve to the right. Suppose, indeed, the profit attraction is so Strong that a 
substantial number of new firms enters the industry, shifting the industry supply 
curve to $+$% in Panel B. In this situation equilibrium quantity will expand 
to OQ). 7 

The long-run equilibrium of a firm in a perfectly competitive industry is 
explained by means of Figure 9.5.3. If price is above the level OP, each estab- 
lished firm in the industry earns a pure profit. New firms are attracted into the 
industry, shifting the market supply curve to the right. Market equilibrium price 
declines, and the horizontal demand curve confronting each firm falls to a lower 
level. On the other hand, if price is below OP, each firm in the industry incurs 
a pure economic Joss. As their plants and equipment depreciate, some firms will 
leave the industry, thereby causing the market supply curve to shift to the left. 
Market price, and, accordingly, the horizontal individual demand curves rise. 

The point of long-run equilibrium occurs at point H in Figure 9.5.2. There 
firms in the industry receive neither pure profit nor pure loss. 

The position of long-run equilibrium is actually determined by the horizontal 
demand curve confronting each firm. Since the industry is perfectly competitive 
by assumption, firms will enter or leave the industry if there is either pure profit 
or pure loss. Therefore, since the position of long-run equilibrium must be 
Consistent with zero profit (and zero loss), it is necessary that price equal average 
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total cost. For a firm to attain its individual equilibrium, price must be equal to 
marginal cost. Therefore, price must equal both marginal and average total cost. 
This can only occur at the point where average total cost and marginal cost are 
equal, or at the point of minimum average total cost. 

The statement, so far, could conceivably apply to any SAC and SMC. How- 
ever, unless it applies only to the short-run plant that coincides with minimum 
long-run average cost, a change in the plant size would lead to the appearance of 
pure profit, and the wheels of adjustment would be set in motion again. These 
arguments establish the following: 7 


Proposition: Long-run equilibrium for a firm in perfect competition occurs at 
the point where price equals minimum long-run average cost. At this point 
minimum short-run average total cost equals minimum long-run average total 
cost, and the short- and long-run marginal costs are equal. The position of 
long-run equilibrium is characterized by a "no profit” situation— the firms have 
neither a pure profit nor a pure loss, only an accounting profit equal to the rate 
of return obtainable in other perfectly competitive industries. 


r 


Input Prices 
9.5.c 


The previous analysis was based upon the tacit assumption of constant input 
prices, in the sense that expanded resource usage does not entail an increase 
in resource prices. To see the implications of this assumption, consider 
Figure 9.5.4. 

Panel A shows the long- and short-run conditions of a typical firm in the 
industry, while Panel B depicts the market as a whole. D, Dj and S, Sj are the 
original market demand and supply curves, establishing a market equilibrium 
price of OP dollars per unit. Assume that the industry has attained a position of 
long-run equilibrium, so the position of each firm in the industry is depicted by 
Panel A—the price line is tangent to the long- and short-run average total cost 
curves at their minimum points. 

Now suppose demand increases to D,D}. With the number of firms fixed, the 
price will rise to OP’ and each firm will move to equilibrium at point A. How- 
ever, at point A each firm earns a pure economic profit, thereby attracting new 
entrants into the industry and shifting the industry supply curve to the right. In 
this case we assume that all resources used in the industry are unspecialized; so 
increased usage does not affect the market price of the resources. As a con- 
sequence, the entrance of new firms does not increase the costs of existing firms; 
the LAC curve of established firms does not shift.and new firms can operate with 
an identical LAC curve. Long-run equilibrium adjustment to the shift in demand 
is accomplished when the number of firms expands to the point at which SzSz is 
the industry supply curve. 

In other words, since output can be expanded by expanding the number of 
firms producing Oq units per period of time at average cost OP, the industry has 


a constant long-run supply price equal to OP dollars per unit. If price were above ` 
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an 
noe 9.5.4 Long-run equilibrium and supply price in a perfectly competitive industry 
subject to constant cost. 
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Price (dollars) 
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Price and cost (dollars) 


to) (0) 
Quantity Quantity 
Panel A: Long-run equilibrium Panel B: Long-run market 
of firm equilibrium 


this level, firms of size represented by SAC would continue to enter the industry 
in order to reap the pure profit obtainable. If price were less than OP, some firms 
would ultimately leave the industry to avoid the pure economic loss. Hence in the 
special case in which an expansion of resource usage does not lead to an increase 
in resource price, the long-run industry supply price is constant. 

Let us now summarize and emphasize. First, we need the following: 


Long-Run Supply Price: The long-run industry supply price shows for each 
level of output the minimum price required to induce this industry Output after 
(a) each firm in the industry has made the optimal internal adjustment and 
(b) the number of firms in the industry has, by entry or exit, been optimally 
adjusted. 


Exercise: What are the precise relations and analogies between long-run 
supply price for a perfectiy competitive industry and long-run average cost for 
a perfectly competitive firm? 


Long-run industry supply price will be constant if, and only if, the industry 
output, can be expanded or contracted by expanding and contracting the num- 
ber of firms without affecting minimum long-run average cost. This condition, 


in turn, will exist if, and only if, all resources used by the industry are’ 


unspecialized — which means that the prices the firms must pay for all resources 
do not change with the level of resource use. To put it another way, the supply 
curve of each resource used in the industry must be perfectly elastic so far as the 
firms in that industry are concerned. This means that the industry as a whole 
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must be a perfect competitor in each resource market — the industry must have 
a position vis-a-vis each resource market that is exactly like the position of a 
consumer vis-a-vis cach commodity market. 

In Chapters 6 and 7 there was a discussion of “returns to scale,” and in 
Chapter 8 this was related to the shape of a firm's long-run average cost curve. 
The relations merit further comment. First, suppose all resource prices are con- 


_ stant. If the firm's production function first shows increasing and then decreasing 


returns to scale, its long-run average cost curve will have a U shape: but the 
long-run industry supply price will be constant because resource prices are con- 
stant (the number of firms producing at minimum LAC can be changed without 
affecting the LAC of any firm). On the other hand, if the production function 
exhibits constant returns to scale, the long-run average cost curve will rise if 
resource prices vary directly with resource usage. As we will now sec. industry 
supply -price also rises in this case. Before reading further, however, think 
through the important exercise that follows.’ 


Exercise: Suppose all resource prices are constant and that the production 
function of each firm in an industry exhibits constant returns to scale 
Samuelson (Foundations, pp. 79-80) refers to this as the “indeterminacy of 
purest competition." Explain the meaning of this phrase. 


Industries with Increasing Input Prices 


i. 


Increasing cost or increasing industry supply price is, depicted by Figure 9.5.5. 
The original situation is the same as in Figure 9.5.4. The industry is in a position 
of long-run equilibrium. D,D/ and $,5/ are the market demand and supply 
curves, respectively. Equilibrium price is OP). Each firm operates at point £. 
where price equals minimum average cost, both long- and short-run cost. Thus 
each firm is also in a position of long-run, equilibrium, q, 


aoe 
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Í U "phe text discusses changes in input prices resulting from changes în industry-wide demand for 
‘factors of production. Because this is a pecuniary (price) Phenomenon and results from the external 
impact of the combined effect of all firms, it isxoften culled pecuniary externality. It is aso possible 
that changes in the level of industry output can change the production technology. available to 


“individual firms. When this happens, it is called a technological externality, For example, if all 


vlothiers locate on the same street, congestion results, which increases the gost of delivering products 
to consumers. i 

“The general term constant cost industry is used to describe an industry which has neither 
pecuniary nor technological externalities. This means that the cost Curves of individua firms are 
unaffected by the level of industry output. If the cost curves of individual firms shift upward as a result 
of an expansion of the total output of the industry (i.c-, there are cithen pecuniary or technological 
externalities), the industry is said to be an increasing cost industry, Sometimes the externalities can 
be positive; that is, the cost curves of firms shift down as a result of increased industry output, This 


is called a decreasing cost industry. ' 
Note that these terms refer to externalities and are not thei same, as: constant, increasing or 


` = decreasing, returns to scale discussed in Chapter 8. 
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Figure 9.5.5. Long-run equilibrium and supply price in a perfectly competitive industry 
subject to increasing cost 


Price and cost (dollars) 
Price (dollars) 


Quantity Quantity 
Panel A: Long-řun equilibrium Panel B: Long-run market 
of firm equilibrium 


Let demand shift to D;D}, so price instantaneously rises to a much higher 
level. The higher price is acco ied by pure economic profit; new firms are 
consequently attracted into the industry. The usages of resources expands and 
now, we assume, resource prices expand with resource usage. The cost of inputs 
therefore increases for the established firms as well as for the new entrants. As 
a result the entire set of cost curves shifts upward, say to a position represented 
by LAC, in Panel A. L T.a 

Naturally, the process of equilibrium adjustment is not instantaneous. The 
LAC curve gradually shifts upward as new entrants gradually join the industry. 
The marginal cost curve of each fitm shifts to the left, thereby tending to shift the 
industry supply curve to the left. However, more firms are producing and this 


by the increase in market price. New resource units must have entered the 
industry, so the ‘supply curye shifts to the tight, though not by as much as it would 


The process of adjustment must continue until a position of full long-run 
equilibrium is attained. In Figure 9.5.5 this is depicted by the intersection of 
D:D; and S,S}, establishing an equilibrium price of OP, dollars per unit. Each 
firm produces at point £3, where price equals minimum average total cost. The 
important point to emphasize is that for industries subject to increasing long-run 
Supply price, new firms enter until minimum long-run average cost shifts upward 
to equal the new price. The number of firms and the industry output increase. 
However, there is no way to predict what will happen to the equilibrium output 
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per firm. It may decrease, as shown in Figure 9.5.5, or it may remain constant 
or increase. But these items are certain: industry output, the number of firms, and 
long-run supply price will all increase. 


Relations: The long-run supply curve for an industry with constant input 
prices is a horizontal line at the level of the constant long-run supply price (i.e., 
the minimum of the long-run average cost curve). The long-run supply curve 
for an industry with increasing input prices is positively sloped, and the 
long-run supply price increases as the long-run equilibrium quantity supplieo 
expands. 


He COMPETITIVE MODEL IN PRACTICE: DEMAND-SUPPLY ANALYSIS 


t 


The analysis of market equilibrium is simple, but it is not simple-minded. Indeed, 
this type of analysis offers significant qualitative, if not quantitative, insight into 
the function of real-world markets. Let us consider an example. 

Suppose that the demand for coal at the retail leve is elastic over the relevant 
price range. Further, suppose the government feels that the price of coal is too 
high. It therefore places a price ceiling or maximum on coal at the mine, What 
will happen to the price of coal at the retail level? Will total receipts of retailers 
increase or decrease? Faia ny 

` As 4 first step consider what happens at the mine (or, mining area). Assume 
for analytical purposes that coal mining is a perfectly competitive industry, with 
increasing input prices. Assume also that before the imposition of the ceiling 
price, the industry was in equilibrium; each firm produced the quantity at which 
P = LAC and therefore enjoyed no pure profit. Figure 9.6.1 shows the market 
demand and supply for coal at the mine. Demand (D, Dn) is the demand curve 
of rétailers for coal at the mine. It is derived holding the demand for coal from 


‘retailers and other factors constant (we assume that individual consumers cannot 


purchase coal directly from the mine). T: (a 

The long-run industry supply curve is Sm Sm- It is the locus of long-run equi- 
libria for the mining industry. Since we assume increasing input prices, Sm Sm is 
upward sloping. The equilibrium price at the mine is OW, and equilibrium 
quantity is OQc. 

Figure 9.6.2 shows demand and supply conditions at the retail level. D,D; is 
the consumers’ demand for coal. S,5,,, based upon a given cost of coal at the 
mines to retailers (OW,) the retailers’ supply curve. Since coal is an input for the 
retailers, the supply curve for coal at retail should shift when the price of coal at 
the mine changes, just as a change in the price of any factor of production changes 
the supply of the product produced. Specifically, wnen the price at the mine falls, 
other things remaining the same, the retail supply curve should shift to the right. 
That is, if retailers can buy coal cheaper, they would be willing and able to supply 
more retail coal at every retail price. Equilibrium in the retail market occurs at 
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Figure 9.6.1 Supply and demand at the mine Figure 9.6.2 Demand and supply at retail 
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a price of OP, (given a price at the mine of OW.) and a quantity sold of 0Q., 
obviously the same as OQc in Figure 9.6.1, because the retailers sell all that 
they buy. 

Returning to Figure 9.6.1, assume that the government sets the ceiling price 
OW,,. Quantity demanded by retailers at the new price is OQp. The new price is 
‘below OW, (the price at which neither profit nor loss occurs); thus firms begin 
to make losses and some leave the industry, Since we assume that mining faces 
increasing input prices, the exit of firms and the decrease in quantity produced 
lowers factor prices and hence lowers the long-run average and marginal cost 
curves of the remaining firms in the industry. Figure 9.6.3 shows the process. 
Long-run average and marginal costs fall from LAC, and MC, to LAC, and MC). 
„The minimum point on LAC, equals the ceiling price OW,,. Each remaining firm 

“now produces Ogn (the new equilibrium output) rather than Oq., but there are 


„fewer firms, none of which makes pure profit, The new quantity supplied by the 


industry, indicated in Figure 9.6.1, is OQs. Thus a shortage (excess demand) of 
Q;Qp occurs at the mines, since retailers now wish to purchase OQ, but the 
mines are only willing to sell OQ;. The mining industry must find some method 
of allocation (rationing, first come—first served, favoritism, and so on) in order 
to determine which retailers get the available supply. In any case, only OQs is 
available to the retailers. 

Now, according to our analysis the lower price of coal at the mine should cause 
supply at the retail to shift to 5,5; (Figure 9.6.2). Retail price should fall, and 
the quantity of coal sold should increase as determined by the intersection of 
D,D, and S87. But remember that only OQ; is produced, so only OQs can be 
sold. The curve S,S; specifies the quantities that retailers are willing to sell at the 


“mine price of OW,,; the vertical line MQ, indicates the maximum amount retailers 
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Figure 9.6.3 Cost curves of an individual firm 


= 


Price and cost of coal (dollars per ton) 
= 


Quantity of coal (tons) per unit of time 


are able to sell at that price. Therefore, the curve S, RM shows the quantities that 
retailers are willing and able to sell at each retail price when the mine price is 


fixed at OW,,. 
The intersection of supply and demand now occurs at the price OP,, clearly 


- higher than the old price. The quantity sold is OQs. After the ceiling price at the 


mine is imposed, consumers pay a higher price for less coal. Since demand was 
assumed to be elastic, retailers receive less total revenue. 

We noted above that despite the abstract and apparently unrealistic assump- 
tions underlying the model of perfect competition, this model has proved very 
useful in predicting and explaining real world phenomena. For example, accord- 
ing to the theory, policies that restrict entry into industries can be expected to lead 
to persistent economic profits for those firms that are lucky enough to be in the 
industry. Taxicabs are licensed in many cities such as Chicago and New York. 
The number of taxicabs licensed tends to remain constant for long periods of 
time, and it is possible to enter the industry only by purchasing a license or 
“medallion” from someone who currently owns one. It follows that the price of 
the medallion should represent the value of the economic profits arising from 
restricted entry. The price of a medallion in Chicago was about $30,000 in 1978.° 

In Chapter 11 we consider in some detail the effects of taxes, price ceilings, 
and other government policies using the apparatus developed in this chapter and 
in Chapter 10. In the “Applying the Theory” section which follows, we ask you 


When the price of the medallion is included in costs, the taxis earn only a competitive rate of 
return, The gain accrues solely to those people who were lucky enough to be given a medallion in 
the initial distribution of medallions. 
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CONCLUSION 
9:7 


to use graphs similar to those in this chapter to analyze how the mink industry 
(and representative firm) responds to a change in demand to changing input 
prices, both in the short run and long run. 


Up to this point the salient feature of perfect competition is that in long-run 
market equilibrium, market price equals minimum average total cost. This means 
that each unit of output is produced at the lowest possible cost, either from the 
standpoint of money cost or of resource usage. The product sells for its average 
(long-run) cost of production; each firm accordingly earns the “going” rate of 
return in competitive industries, nothing more or less. 

But so far we have seen only one side of perfect competition — the operation 
of firms within a perfectly competitive industry. The pricing of productive ser- 
vices under conditions of perfect competition is also an important feature, as is 
the question of general economic welfare in a perfectly competitive economy. 
While all of these studies are based upon a highly stylized set of assumptions, 
they ultimately provide criteria by which to evaluate actual market operation and 
practice. 


SYNOPSIS 
9.8 
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m Perfect competition is the term used by economists to describe a market 
situation where: (a) demanders and suppliers each treat price as 
given —they act as price takers in the market; (b) products of sellers are 
homogeneous, so that the product of one seller is identical with that of 
any other seller; (c) all resources are perfectly mobile and can readily 
move in or out of the market in response to pecuniary signals; and 
(d) consumers, producers, and resource owners possess complete and 
perfect knowledge. These assumptions are obviously unrealistic and no 
market ever has been observed to meet every one of the above conditions. 
Nonetheless, the model is often used by economists because the 
conclusions derived from the model have, by and large, permitted accurate 
explanation and prediction of real-world phenomena, 

a When the firm operates in the short run in a competitive industry, it takes 
Price as given and chooses output to equate price and marginal cost. At 
this output short-run profits are maximized (or losses minimized). If, at 
the output where price equals marginal cost, total revenue is less than total 
variable cost, the firm would produce nothing and experience a 
(minimum) short-run loss equal to fixed costs. 
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By Michael L. Geczi 
Staff Reporter of The Wall Street Journal 

NEW YORK — Mink farms could well 
be on the endangered-species list. 

The animals themselves never have 
reached an endangered status, but the 
number of U.S. farms raising the small 
mammals for their pelts has decreased 
sharply in recent years. In the industry's 
peak year, 1966, about 6,000 mink farms 
were operating in the United States. 
Today, there are 1,221 according to the 
U.S. Agriculture Department. 

Despite slight increases the past two 
years, total pelt production last year was 
3.1 million, or half of the record 6.2 mil- 
lion pelts produced in 1966. Annual sales 
at the auction level, where most pelts are 
sold, were about $54 million in 1974, 
according to one estimate, down from 
more than $120 million in the mid-1960s. 

The smaller operations have been the 
hardest hit. “The mom and pop outfits and 
the part-timers were the ones that folded,” 
says an Agriculture Department official. 
“The bigger farms have kept operating.” 

Some industry officials say a profitable 
mink farm of any size is rare. “We've been 
in dire straits for the past four or five 
years,” says Robert Langenfeld, president 
of Associated Fur Farms Inc., New 
Holstein, Wis., one of the nation’s largest 
mink farms. 


APPLYING THE THEORY 


Mink Farming Is Growing More Scarce 
as Costs Rise and Fur Demand Declines 


[A] 


The industry’s descent has been as rapid as 
its rise in the 1950s and 1960s, during 
which time mink grew in popularity as a 
fashionable status symbol. Growth was 
aided by the development of new colors 
(there are currently.13). As producers’ feed 
and labor costs remained relatively stable 
in the face of strong demand, more people 
entered the industry. 


Unsold Inventories 


Growth proved to be too rapid, however; 
large unsold inventories from the record 
1966 crop caused a price bust in 1967, and 


[B] 


the situation has worsened since. Feed and 
labor costs have climbed rapidly. Com- 
petition from less-expensive foreign pelts 
has heightened. 

Perhaps most important, mink has lost 
much of its prestige. Industry officials say 
the desire to wear a mink coat has in many 


~ instances given way to ecological concerns. 


Cries from conservationists “caused a mass 

reaction for the ‘poor animal,’” says Louis 

Henry, president of Hudson Bay Fur Sales 
(continued on page 280) 


Chapter 9 Theory of Price in Perfectly Competitive Markets 279 


APPLYING THE THEORY 


(continued from page 279) 
Inc., The Hudson’s Bay Co. unit that 
handies about two thirds of the pelts sold 
at auction in the United States annually. 
Mr. Henry recalls that in 1966 pelts sold 
at auction for an average of $24 each. The 
going price today for a mutation (colored) 
skin is about $14. Dark furs bring a slightly 
higher price. 


IC] 


In the, 1960s. a mink producer would 
net about $5 on a mutation pelt, says Mr. 
Langenfeld. “Now,” he says, “we're losing 
about $3 a pelt on our mutations.” He says 
it costs the company $17 to raise a kit, or 
young mink, and bring its pelt to auction. 

Mink farmers breed their animals in 
March. The kits-— usually four to a 
litter— are born in early May. They're 
raised for six months before being killed — 
humanely, producers say —by gas or 
electrocution. The skins then are removed 
and readied for sale. 


Finicky Animal 


In most cases they are sent to one of 
four main U.S. auction centers, in New 
York City, Seattle, Minneapolis, and 
Milwaukee. Fees received by one of the 
two associations that offer the pelts for sale 
and by the company conducting the auction 
can take up to 7.75 percent of the pelt’s 
selling price. 

The price the producers get for their 
pelts is their reward for raising a finicky 
animal that prefers only the freshest meat, 
poultry, and fish. Most mink farms have 
expensive refrigeration,.grinding and 
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mixing machines, and also must hire extra 
help to thaw and feed daily rations to the 
animals. All this causes the mink’s diet to 
represent more than half of the total cost of 
raising a mink to pelt-producing size. 

Mink researchers have been working to 
develop a dry diet that would be more 
economical and still satisfy the taste and 
nutritional requirements of the animal. 
Some farmers are using the dry diets, but 
they are far from gaining industry-wide 
acceptance, 

U.S. producers are said to produce a 
high-quality pelt much prized by those who 
don’t mind paying handsomely for a coat 
or stole. But about half of the six million 
or so pelts used annually in the United 
States are less-expensive foreign ones 
produced mainly in Scandinavia. Some 
industry officials say an increasing number 
of garments made from these pelts are 
being sold to people who formerly would 
have bought the more expensive item made 
from U.S.-produced pelts. 

Mr. Henry says the worst may be over, 
however. “I think it (sales) will stabilize 
just about where it is,” he says. Some 
observers expect a pickup in business as 
the recession eases. 

Will business ever return to the good 
old days? “I don’t know any mink farmers 
who ever had any good old days,” says 
Mr. Langenfeld. 


Questions 


1. Consider passage A: Illustrate (graphi- 
cally the effect of the increased de- 
mand on price, output, and profit in 
the short run and long run, both for the 
individual firm and the mink industry. 


tr 


Assume the mink industry is a constant 
cost industry in your answer. 
Consider passage B: starting with your 
graphs at the conclusion of question 1, 
show the effect of each of the follow- 
ing, both in the short run and the long 
run: 
a. “Mink has lost most of its prestige.” 
b. “Feed and labor costs have climbed 
rapidly.” 
The results at the beginning of the arti- 
cle indicate that industry output has de- 
clined and the number of firms has 
fallen. Combine the effects of (a) and 
(b) above and show why industry out- 
put Must decline. Must it be true that 
the number of firms has fallen? Explain 
carefully. 


if this person observed that “We're los- 
ing about $3 a pelt on our mutations.” 


Soiutions 


(Throughout this solution, it is assumed 
that there is only one plant size, as in sec- 
tion 9.5.a.) 

1. Start from a situation of long-run equi- 
librium. In the short run, the increase 
in demand bids up the price of mink. 
The individual firm, facing a higher 
price, chooses to produce more and 
earns positive profits. (See Figure A.) 


Positive profits induce additional firms 
to enter the industry. By the assump- 
tion that factor prices are constant, in 
long-run equilibrium the price of mink 
will be back to its original level. The 
long-run equilibrium position for the 
individual firm is identical to the initial 
position. (See Figure B.) 

(continued on page 282) 


4. Now consider passage C: Has the mink 
industry reached a new long-run com- 
petitive equilibrium? Explain. 

5. Explain on a diagram why a mink pro- 
ducer might continue to produce even 

Figure A 


$ 


Q, Q 


Industry 


x = shaded area 
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APPLYING THE THEORY 


(continued from page 281) 2. In answer to question 2: 
oo a. The fact that mink has lost prestige 
implies a fall in demand and, thus, 
a lower price for mink in the short 
Ssa run. (See Figure C.) 
S S'on . b. Higher prices of variable inputs im- 
{£ ; plies that MC and AC rise for an 
N2 £ individual firm. The industry supply 
‘N curve is derived for the firms’ MC 
i a LRS curves, so supply falls. (See 
Figure D.) 
=! 3. The first effect clearly works in the direc- 
Q tion of less output and fewer firms. The 
Industry lower market price induces firms to pro- 
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duce less output and incur losses, The sec- 
ond effect also leads to less output by 
shifting the supply curve to the left, but 
has an ambiguous effect on the number of 
firms. The higher costs suggest losses for 
the firms, but the short-run industry supply 
curve shifts left, resulting in a higher price 
in the short run, and having a positive ef- 
fect on profits. The effects in the direction 
of losses will probably dominate, leading 
to the exit of firms. from the industry. (See 


Figure E.) 


re M) 


4. The industry has not reached a new iong- 
run equilibrium because there are still 
losses. 

5. The mink producer will continue to pro- 
duce if the losses while producing are less 
than the fixed costs that would be lost if 
the firm shut down (i.e., produce if 
TR > TVC). (See Figure F.) 


Source: Reprinted by permission of The Wall 
Street Journal, © Dow Jones & Company, Inc., 
October 27, 1975. All rights reserved. 
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& When factor prices do nor change in response to a change in industry 
factor usage, the short-run supply curve of a competitive industry will 
be simply the horizontal summation of the Marginal cost schedules of 
the firms in the industry. (Note, however, that if price is below the 
average variable cost of every firm, industry output will be zero.) When 
factor prices change as industry factor usage rises, the supply curve will 
not be the horizontal summation of all firms’ marginal cost curves. In 
this case, it is necessary to account for the shifts in each firm’s marginal 
Cost schedule as industry output rises when determining the industry 
supply schedule. 

Æ Long-run adjustments in a competitive industry allow for full mobility of 
resources both into and out of the industry. The long-run equilibrium will 
occur at a price equal to the minimum of the typical firm's long-run 5 
average cost schedule. If the industry faces constant input prices, the 
equilibrium long-run price will always be minimum long-run average cost, 
and the long-run supply schedule will be a horizontal line. In an 
increasing-inputs price industry the long-run supply schedule will be 
upward-sloping. In each case, the long-run equilibrium economic profit of 
the firm is zero (although accounting profit will usually be positive). 


QUESTIONS AND EXERCISES 
(Use the output—cost data computed for the first question in Chapter 8.) 


I. Suppose the price of the commodity is $1.75 per unit. 

a. What would net profit be at each of the following outputs? (i) 1,314; 
(ii) 1,384; (iti) 1,444; (iv) 1,494; and (v) 1,534, 

b. What is the greatest profit output? 

c. How much more revenue is obtained by selling this number of units than by 
selling one fewer? What is the relation between marginal revenue and selling 
price? 

d.. If you are given selling price, how can you determine the optimum output by 
reference to marginal cost? 

2. Suppose price is 70 cents, . 

a. What would net profit be at each of the following outputs? (i) 410, (ii) 560, 
(it) 700; (iv) 830; (v) 945; (vi) 1,234: (vii) 1,444, 

b. Is there any output that will earn a net profit at this price? 

©. When price is 70 cents. what is the crucial relation between price and average 
variable cost? 

d. Consider any price for which the corresponding marginal cost is equal to or 
less than 70 cents. At such a price, what is the’relation between marginal cost 
and average variable cost? 

e. When the relation in (d) exists, what is the relation between average and 
marginal product? $ 

A 


S. What will the producer do if faced with a permanent price of 70 cents? 
8- Why is it not Socially desirable to have a producer operating when price is 
70 cents. 
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3. Suppose price is 80 cents. 
a. What will the optimum output be? 
b. Can a profit be made at this price? 
c. Will the producer operate at all at this price? 
d. How long? 

4. Determine the supply schedule of this individual producer, listing the quantity 
supplied at the following prices: $0.60, 0.70, 0.80, 0,90, 1.00, 1.10, 1.20, 1.30, 
1.40, 1.50, 1.60, 1.70, 1.80, 1.90, and 2.00, 

5. The following report appeared in The Wall Street Journal: 


The world’s first plant for the manufacture of gasoline from natural 
gas will be shut down as uneconomical, it was announced today by 
the Amoco Chemical Corp. 

The plant, at Brownsville, Tex., will be closed within the next 
few months, with a reduction of the work force to begin October 1. 

J. A. Forrester, president of Amoco, a subsidiary of the 
Standard Oil Co. (Indiana) said: “We have determined that the 
Brownsville plant cannot make gasoline and chemicals from natural 
gas at present market prices as cheaply as they can be made by 
other processes... .” 

Mr. Forrester declared: “We have proved the technical 
soundness of the process. However, results indicate that the units 
are more costly to operate and maintain than we had anticipated.” 


Consider whether it was wasteful to close down the plant (a) from the point of view of 
the firm, and (6) from the point of view of society. 
6. New York City licenses taxicabs in two classes; for operation by companies with 
fleets and for operation by independent driver-owners, each having only one cab. 
The city also fixes the rates the taxis may charge. For many years now, no new 
licenses have been issued in either class, There is an unofficial market for the 
“medallions” that signify the possession of a license; A medallion for an 
independent cab sold in 1987 for about $125,000. 
a.» Discuss the factors determining the price of a medallion, 
b. What factors would determine whether a change in the fare fixed by the city 
would raise or lower the price of a medallion? 
c. Cab drivers, whether hired by companies or owners of their own cabs, 
seem unanimous in opposing any increase in the number of cabs licensed, 
They argue that an increase in the number of cabs, by increasing competition 
for customers, would drive down what they consider as an already unduly 
low retum to drivers. Is their economics correct? Who would benefit and 
who would lose from an expansion in the number of licenses issued at a 
nominal fee? 
7. Comment on the following quotation: 


The orthodox tools of supply and demand assume that sellers and 
buyers are free to buy or sell any quantity they wish at the prices 
determined by the market. This assumption cannot validly be made 
when price controls or rationing are imposed by the government. It 
follows that these tools are useless in analyzing the effects of such 
government action. Economists should free themselves from slavish 
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adherence to outmoded concepts and fashion new tools of analysis 
for the new problems raised by the modem Leviathan. 


8. Assume that the demand for shoes at the retail level is elastic. Further assume 
that a ceiling price below the current market price is placed on shoes at the | 
factory (that is, a maximum price the shoe manufacturer can charge the retail 
dealer). The total revenue received from the sale of shoes at the retail level will 
increase because of the imposition of the ceiling price at the factory level. 
Problem: Decide whether the conclusion above is true, false, or uncertain, and 
defend your answer. 

9. Suppose a frost kills a large portion of the orange crop, with a resulting higher 
price of oranges. It has been said that such an increase in the price benefits no 
one since it cannot elicit a supply response; the higher price, it is said, simply 
“lines the pockets of profiteers.” Analyze this position. (Hint: Be sure to focus on 
the rationing function of market price.) 

10. Assume that crab packing is a perfectly competitive industry on a national scale, 
or at least along the Eastern seaboard and Gulf Coast. The North Carolina crab 
packers have insisted that if the minimum wage is increased to $1.60 an hour, 
they will have to close their plants. Assume that they are correct. State the 
assumptions that must (implicitly) underlie their analysis and explain the situation 
graphically. 
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CHAPTER 


Theory of Price under Pure 
Monopoly 


Students receiving financial aid end up paying less tuition than others to 
attend the same college. Is this practice of charging different buyers different 
prices for the same good (known formally as “price discrimination”) 
consistent with profit-maximizing behavior? In this chapter we will explore 
“price discrimination” as one of several special topics in the theory of 
monopoly. We will also discover (refer to “Applying the Theory” section) that 
for two decades officials from 23 select Eastern colleges have met privately to 
ensure that a student seeking financial aid was offered roughly the same 
amount by each school. Apparently, the potential gains from averting price 
competition are such that attempting to collude, and behave like a monopoly, 
is not confined to business firms alone. E 
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By Fox Butterfield 
Special to The New York Times 

WELLESLEY, Mass, April 15 — For two 
decades officials representing a group of 
select Eastern colleges have met privately 
to ensure that a student seeking financial 
aid was offered roughly the same amount 
by each school. 

“Some people tease us and say it’s price 
fixing, but it’s not,” said Amy Nychis, 
director of financial aid Wellesley, where 
officials of 23 schools met last week. The 
basic purpose is to give students and their 
parents the freedom of choice to go to the 
school they really want and not to pick 
because one school offers them more aid 
than another.” 

Another purpose, sume college offi- 
cials acknowledge, is to help the schools 
stretch their financial aid budgets and 
avoid possible bidding wars over the most 
attractive students. 

In some cases college officials may 
raise or lower their financial aid offers to 
a student after seeing what other schools 
have offered. 

The meetings, which are not widely 
known about by students and parents, grew 
out of the shift in the late 1950s and early 
1960s from scholarships based on academic 
or athletic ability toward aid based entirely 
on need. 

But some officials at this year’s meeting 
were surprised when two of the partici- 
pating schools, Smith and Mount Holyoke, 
r disclosed that they were introducing a new 
program to attract top students by offering 
cash grants regardless of need. 
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23 Colleges in East Adjust Aid to Avert Bidding for Students 


Although administrators at Smith and 
Mount Holyoke insisted the new awards ZAT 
were not merit aid because the amounts vie 
were relatively small, only $300 or $400 
apiece, officials at several schools said 
they were concerned that the action might 
put pressure on other colleges to offer their 
own financial inducements as the number 
of college-age students declines. 

“I think all of us would prefer Smith 
and Mount Holyoke not do it,” a financial 
aid officer at another small New England 
college said. “It’s a crack in the dike. 

The question arises, if they don’t get the 
students with that amount of money, how 
much more will they offer, and won't other 
schools follow?” 

Several colleges outside the 23-member 
group, including Northwestern and Duke, 
have recently begun offering some 
merit-based Scholarships to attract top 
students as part of what some university 
officials said might be the beginning of a 
national trend. 


Discrepancies Resolved 


The annual meeting at Wellesley came 3 
after the colleges made their-final selection 
of high school seniors and a week before 
today’s mailing of acceptance notices to 
students. 
The participating colleges were the eight 
members of the Ivy League (Brown, 
Columbia, Cornell, Dartmouth, Harvard, 
the University of Pennsylvania, Princeton 
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and Yale), Barnard, Bryn Mawr, Mount 
Holyoke, Smith, Vassar, and Wellesley, 
the Massachusetts Institute of Technology, 
and a group called the Pentagonials, _ 
consisting of Amherst, Williams, Wesleyan 
and Bowdoin, Colby, Tufts, Middlebury, 
and Trinity. 

Seamus Malin, director of financial aid 
at Harvard; said that in most cases the 
school cfficials were “fairly much in 
agreement” on how much aid a student 
would need and how much the parents 
should contribute. 

But in about a third of the cases there 
are “wide discrepancies,” which Mr. Malin 
described as $2,000 to $3,000. That, he 
noted, is still a small amount of the total 
cost of a year’s education at an Ivy League 
school, which will range up from the 
$13,200 charged at Cornell this year, with 
all fees included. 

It is these larger variations in proposed 
aid that the officials try to resolve in their 
annual conferences by either raising or 
lowering their offers to students. 


Nothing Sneaky Going On 


There is no rule requiring the schools to 
agree on the amount of parental contribution 
for a student who has been accepted at 
several colleges, Mr. Malin explained, but 
the officers generally narrow their 
differences to within $100 or so. 

“Tt is a delicate issue in a sense,” he 
conceded. “But there is nothing sneaky 
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going on. It is not the Ivies getting 
together and dividing the talent.” 

School officials are normally close in 
their assessments of each student's needs, 
Mr. Malin said, because they work with 
standardized information and methods. 

Every applicant for financial aid 
must first submit a form disclosing his 
parents’ income and assets to the College 
Scholarship Service in Princeton, N.J., 

a division of the Educational Testing 
Service. The service analyzes this form 
by computer and sends the results to each 
school to which the student has applied. 

The colleges then make their own 
analyses, Mr, Malin said, and it is at this 
stage that the variations in aid arise. A 
particular school may request more data 
from the parents, or an applicant may have 


_a brother or sister at one of the colleges, 


which provides that school with additional 
financial information. 


‘Bidding’ on Aid Denied 


Financial aid officers at several of the 
colleges strongly denied that-any member 
of their group would increase an aid offer 
after the mecting to entice a student ` 
coveted by the school, such as a bright 
young scientist or football player. 

“There is a lot of pressure not to do 
that,” said Jacqueline Foster, director of 
the undergraduate financial aid office at 
Yale, She added that “it would get back 

(continued on page 290) 
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(continued from page 289) 

to you very quickly” because the parents 
might go to another college to see if they 
could get a higher offer there, too. 

Nevertheless, an official at Brown said, 
some colleges might try to make their offer 
more attractive by raising the amount of 
grant assistance. Each aid package is made 
up of three parts; a grant, a loan, and self- 
help work provided by the school. 

More controversial are the new grants 
based on a student’s ability rather than need 
A spokesman for Smith, Ann Shanahan, 
said the school had decided to award 
36 achievement awards of $300 each to 
“the students we most want to have come 
to Smith.” 

“We don’t think of them as merit aid 
because the amounts are so small,” she 
said, adding that the money for the grants 
came from special funds designated by the 
administration and not out of regular aid 
allocations. 

Pat Waters, director of financial aid at 
Mount Holyoke, said her schoo! would 
provide 30 students with grants of $400 
each regardless of financial need. She 


described them as “prizes” rather thar. aid, 
because, she said, “The amount isn’t large 
enough to make anyone change their mind.” 


Questions 


|. This article reports that for several 
decades officials representing a group 
of 23 select Eastern colleges have met 
privately to ensure that a student 
seeking financial aid was offered 
roughly the same amount by each 
school. What-obstacles must be 
overcome by any group of sellers 
attempting to “collude” and “fix” 
prices? 

2. Are there any indications in the article 
that these 23 colleges are having 
trouble overcoming these obstacles? 
Explain. 

3. We've said price discrimination occurs 
when different prices are charged for 
the same commodity to different 
groups of buyers. In what sense do the 
scholarships here represent a form of 
price discrimination? 


esearch E 
INTRODUCTION 
10.1 eet 


“Perfect competition” provides the economist with a very useful analytical 
model, even though the exacting conditions of the model never exist in the real 
world, The same statement aimost applies to the mode! of pure monopoly, to 
which we now turn. The conditions of the model are exacting; and it is difficult, 
if not impossible, to pinpoint a pure monopolist in real-world markets, On the 
other hand, many markets closely approximate monopoly organization, and mo- 
nopoly analysis often explains observed business behavior quite well. ; 
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———— 


4. For profit maximization, we've shown cited in the article. Stanford, too, is 
that the more elastic the submarket not included. In addition, there are 
demand, the lower the price that should many forms of non-price competition 
be charged in that submarket. Is the available to colieges, Even the aid 
practice of giving more scholarship aid package itself has various “mixes” —a 
to “needier” students consistent with grant, a loan, and work-study 
this basic profit-maximizing rule? What opportunities can be varied, even it the 
about “achievement awards” from total award is the same. 

Smith, and Mt. Holyoke? 3. Scholarships result in some students 


effectively paying less for tuition than 
other students. Tne product (in this 


Solutions hinds 
case, the college education) is the same 

1. The obstacles are many and difficult to regardless of the tuition paid. 
overcome. They include the following: 4. Jf needier students have a more elastic 
(a) Can the Sellers preyent ‘cheating demand for college attendance, then 
and keep “chiseling” to a minimum? this policy will be co: stent with 
(b) Can the sellers agree on the price profit maximization. If the 
to charge? (c) Are all the potential “achievement awards” (merit aid) being 
sellers included in the colluding introduced by Smith and Mount 
agreement? (d) Can Ree, methods Holyoke go to those with more elastic 
of competition be controlled? demand for these colleges, then they 

2. Smith and Mt. Holyoke, according to too are consistent with the 
the article, are “a crack in the dike”; profit-maximizing behavior. 


they are offering slightly more aid and 
thus cheating on the. agreement Not Source; “23 Colleges in Bast Adjust Aid to 


all of the colleges’ competitors are Avert Bidding for Students,” The New York Times, 
included, Duke and Northwestern are April 16, 1983. 


Definition 
10.1.a 


A pure monopoly is said to exist if there is one, and only one, seller in a 
well-defined market. Thus, from the sales or revenue side, pure monopoly and 
perfect competition are polar opposites. The perfectly competitive firm has so 
many “rivals” in the market that competition becomes irnpersonal. Personal 
rivalry does not exist in the'case of pure monopoly either, for the simple reason 
that there are no rivals. 

< Yet this may overstate the cas¢ somewhat, for two types of indirect com- 
y petition and one source of potential competition tend to moderate the 
price—-output policies of pure or near-pure monopolies. The first source of indirect 
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competition is the general struggle for the consumer's dollar. Al! commodities 
compete for a place in the consumer's budget —the products of monopolists as 
well as the products of perfectly competitive firms. Unless a monopolist can 
secure a market for a product, monopoly position is worthless. For example, the 
files of the U.S. Patent Office would reveal many patents (and therefore output 
monopoly) for products that were never produced or were produced for only a 
short period of time. Monopoly does not guarantee success; it only guarantees 
that the monopolist can make the most of whatever demand conditions exist. 

A second source of indirect competition lies in the existence of substitute 
goods. Needless to say, there are no perfect substitutes for a monopoly product; 
otherwise a monopoly would not exist. However, imperfect substitutes exist; and 
the true market power of a monopolist depends upon the extent to which other 
commodities may be used as substitutes in consumption, For example, whale oil 
lamps and gaslights, candles and Coleman lanterns are very poor substitutes for 
electricity in residential and commercial lighting. Therefore, electricity for light- 
ing purposes closely approximates pure monopoly. On the other hand, there are 
quite good substitutes for electrical heating. Fuel oil and natural gas are strong 
competitors in the residential heating market; coal-fired steam heat, in addition 
to oil and gas, competes in the commercial market. As a consequence, 
the “monopoly” position of electrical power companies is very weak in these 
markets. 

As has been said, the presence of indirect competition tends to moderate the 
price—output policies of monopolists. The threat of potential competition does so 
as well. In many cases potential competitors will be attracted into the market if 
profit prospects are bright. This is particularly true when the price—output policy 
of the existing monopolist is such that potential competitors feel they can readily 
capture a substantial portion of the market. While this situation is especially 
applicable to local or regional markets served by only one firm, it applies in 
broader situations as well. Whenever entry is possible, the position of an existing 
monopoly is perilous. To protect it, the monopolist must serve the market well; 
otherwise new entrants will be attracted and the monopoly broken. 

To summarize: 


Pure Monopoly: A pure monopoly exists when there is only one producer in 
a market. There are not direct competitors or rivals. However, the policies of a 
monopolist may be constrained by the indirect competition of all commodities 
for the consumer's dollar and of reasonably adequate substitute goods, and by 
the threat of potential competition if market entry is possible. 


Bases of Mono l 
10.1.b a 


Since the business of entrepreneurs is profit, one might wonder why a monopoly 
ever arises, that is, why other firms do not enter the industry in an attempt to 
capture a part of the monopoly profit. Many different factors may lead to the 
establishment of a monopoly or near monopoly. For example, on a local level 
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the personal characteristics of the owner-monopolist may bring all the trade to 
him. Other seemingly trivial reasons may explain monopoly; but monopolies so 
established are destined for a short life. Permanent monopoly must rest on 
firmer ground. 

One of the most important bases for monopoly lies in the control of raw 
material supplies, Suppose input X is required to produce output Y. If one firm 
has exclusive control over or ownership of X it can easily establish a monopoly 
over Y by refusing to sell X to any potential competitors.' An interesting example 
of input-control monopoly can be taken from the economic history of the United 
States. Bauxite is a necessary ingredient in the production of aluminum. For 
many years the Aluminum Company of America (Alcoa) owned almost every 
„source of bauxite in the United States. The control of resource supply, coupled 
with certain patent rights, provided Alcoa with an absolute monopoly in alumi- 
num; it was only after World War II that the federal courts effectively broke 
Alcoa's monopoly of the aluminum market. 

The discussion of Alcoa brings to light another important source of monopoly. 
The patent laws of the United States make it possible for a person to apply for 
and obtain the exclusive right to produce a certain commodity or to produce a 
commodity by means of a specified process. The patent lasts for 17 years, and 
it may be renewed after that time. Obviously, such exclusive rights can easily lead 
to monopoly. Alcoa is an example of a monopoly based upon both resource 
control and patent rights. E. I. du Pont de Nemours & Co. has enjoyed patent 
monopolies over many commodities, cellophane being perhaps the most notable. 
The Eastman Kodak Company enjoyed a similar position (by lease from a 
German company); the Minnesota Mining and Manufacturing Company (3M) 
had enjoyed patent monopoly or near monopoly with products such as their 
Scotch tape. 

Despite these notable examples, patent monopoly may not be quite what it 
seems in many instances. A patent gives one the exclusive right to produce a 
particular, meticulously specified commodity or to use a particular, meticulously 
specified process to produce a commodity others can produce. But a patent does 
not preclude the development of closely related substitute goods or closely allied 
production processes. International Business Machines.pas the exclusive right 
to produce IBM machines; but other computers are available and there is 
keen competition in the computer market. The same is true of production pro- 
cesses. Thus, while patents may sometimes establish pure monopolies, at other 
times they are merely permits to enter highly — but not perfectly — competitive 
markets. 

A third source of monopoly lies in the cost of establishing an efficient produc- 
tion plant, especially in relation to the size of the market. The situation we are 
now discussing is frequently called “natural” monopoly. It comes into existence 


‘Under some circumstances, all monopoly profits from Y can be captured by the owner of X even 
without extending the monopoly. 
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when the minimum average cost of production occurs at a rate of output more 
than sufficient to supply the entire market at a price covering full cost. 

Suppose a situation such as this exists but two firms are in the market. If the 
market is split between the two, each must necessarily produce at a relatively high 
average cost. Each has an incentive to lower price and increase output because 
average cost will also decline. But if both act in this fashion, price wili surely fail 
more rapidly than average cost. Economic warfare ensues, and the ultimate result 
is likely to be the emergence of only one firm in a monopoly position.’ The term 
“natural” monopoly simply implies that the “natural” result of market forces is the 
development of a monopoly organization. 

Figure 10.1.1 illustrates this point. Suppose that each firm's average cost 

curve and marginal cost curve is as shown. Specifically, the point of maximum 
efficiency, the minimum of the average costs curve, is associated with an output 
that is large relative to market demand for the product. 
We know from the previous chapter that long-run equilibrium in a competitive 
industry occurs when price is at the minimum of the long-run average cost curve. 
In this case, that means that price is OP. Suppose there were two firms in the 
industry. At that price each would want to produce OQ, of output. But at price 
OPs, only OQ is demanded. Since OQ, > OQp, surely 2(00,) > Oz. Thus, 
a surplus exists. Jn order to eliminate the surplus, price must fall. But if price 
falls, no firm can break even; each of the two firms suffers losses. (Price below 
average cost implies total cost exceeds total revenue.) Thus, both firms go out 
of business! Evidently, it is impossible to have two or more firms that behave 
competitively in this industry. The reason is that there is not enough demand to 
justify the existence of two firms at efficent levels of output. 

Examples of natural monopoly are not hard to come by. Virtually all public 
utilities are natural monopolies, and vice versa, Municipal waterworks, electrical 
Power companies, sewage disposal systems, telephone companies, and many 
transportation services are examples of natural monopolies on either local or 
national levels. ? 

The final source of monopoly to be discussed here is the market franchise. Use 
of a market franchise is frequently associated with natural monopolies and public 
utilities, but it need not be. A market franchise is actually a contract entered inte 
by some governmental body (for instance, a city government) and a business 
concern. The governmental unit gives a business firm the exclusive right to 
market a good or service within its jurisdiction. The business firm, in turn, agrees 
to permit the governmental unit to control certain aspects of its market conduct. 
For example, the governmental unit may limit, or attempt to limit, the firm to a 
“fair return on fair market value of assets.” In other cases the governmental unit 
may establish the price and permit the firm to earn whatever it can at that price. 
There are many other ways in which the governmental unit can exercise control 


*For the classical treatment of this situation, see F. Zeuthen, Problems of Monopoly and Economic 
Warfare (London: Routledge & Kegan Paul, 1930}. 
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Figure 10.1.1 Natural monopoly . 
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over the firm. The essential feature, however, is that a governmental unit estab- 
lishes the firm as a monopoly in return for various types of control over the price 
aud output policies of the business. 


DEMAND UNDER MONOPOLY ee 


The most important object of Part 1 was to show that market demand curves are 
negatively sloped (except for the truly insignificant case of the Giffen Paradox). 
Now, since a monopoly constitutes a cne-firm market, the market demand curve 
is the monopoly demand curve. As explained in section 5.4 of Chapter 5. when 
demand is negatively sloped, average and marginal revenue are different, and for 
marginal profit calculations the latter is the relevant concept.* 

Consider a hypothetical situation given by the data‘in Table 10.2.1. Market 
demand is indicated by the first two columns and is plotted graphically in 
Figure 10.2.1. Total revenue—the product of price and quantity —is given in 
column 3 and depicted graphically in Figure 10.2.1. (Note: The right-hand ordi- 
nate refers to total revenue while the customary left-hand ordinate refers to price 
and marginal revenue.) Finally, marginal revenue is shown in column 4. 

As you will recall, marginal revenue is the addition to total revenue attri- 
butable to the addition cf | unit of output (or sales). In this example, quantity 


*The remainder of this section is a brief review of section 5.4 in Chapter 5. Students thorougtly 
familiar with the content of this section may proceed immediately to section 10.3. 
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Quantity Price Total revenue Marginal revenue 


5 $2.00 $10.00 = 
13 110 14.30 $0.54 
23 0.85 19.55 0.52 
38 0.69 26.22 0.44 
60i i 0.615 30.75 0.35 
60 0.55 33.00 0.23 
68 0.50 34.00 0.13 
75 0.45 33.75 -0.03 
81 0.40 32.40 -0.23 
86 0.35 30:10 ~0.46 


Figure 10.2.1 Demand and revenue under monopoly 
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does not increase by single units. Thus marginal revenue must be calculated as 
the average marginal revenue over the corresponding quantity range. Thus* 


ATR $14.30 — $10.00 _ 
MR = Agi (for example) Bos = $0.54. 


The corresponding plot is shown in Figure 10.2.1. 
_ The highly discrete case in Figure 10.2.1 is generalized in Figure 10.2.2. The 
important relations, already discussed, are immediately apparent from the figure. 
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Figure 10.2.2 Halations among demand, total 
- revenue, and marginal revenue 


v 
> 
c 
v 
> 
2 
E] 
o 
Ass 
Total 
revenue 
I Quantity 
v 
2 
= 
a 


Quantity 


Marginal 
revenue 


Relations: When demand is negatively sloped, marginal revenue is 
negatively sloped as well. Furthermore, marginal revenue is less than price at 
all relevant points. The difference between marginal revenue and price 
depends upon the price elasticity of demand, as shown by the formula 

MR = p(1 — 1/n). 

Total revenue at first increases, reaches a maximum, and declines thereafter. 
The maximum point on the total revenue curve is attained at precisely that rate 
of output and sales (quantity) for which marginal revenue is zero. 

Remember that the elasticity of demand varies as one moves along the 
demand curve. Thus, the formula MR = P(1 — 1/n) implies that when 7 is 
infinite, i.e., on the vertical intercept of the demand curve, MR = P, so demand 
and marginal revenue are the same. As decreases, marginal revenue 
diverges from the demand curve. 
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The short-run cost conditions confronting a monopolist may be, for all practical 
purposes, identical with those faced by a perfectly competitive firm. In particular, 
an entrepreneur who is a monopolist in his product market may be a perfect 
(buying) competitor in the market for productive inputs. This would tend to be 
true if the monopolist required only unspecialized inputs, such as unskilled labor. 
In this event, the analysis of Chapter 7 would apply directly to cost under 
monopoly. In many instances, however, the monopolist requires certain special- 
ized inputs for which there is no broad generai market. There are only a few 
buyers of the specialized input (in the limit, only one). Thus the commodity- 
market monopolist may be a monopolist or near monopolist in various input 
markets as well.* 


The analysis of perfect competition was based upon two important assumptions: 
each entrepreneur attempts to maximize profit; and the firm operates in an 
environment not subject to outside control. Monopoly analysis rests upon the 
same two assumptions; accordingly, the results must be modified when applied 
to franchise monopoly or to monopolies subject to some form of government 
regulation and control. 


“For continuous cases, the demand function in the inverse fona may be written 


p =f, fq) <9, (10.2.1) 
where p and q denote price and quantity, respectively. Thus total revenue is 
ra = af(q). (10.2.2) 
and marginal revenue is 
(pq) ` ` ¥ 
MR = T = f(a) + of"(@). (10.2.3) 
As you will recall from section 4.4 in Chapter 4, price clasticity of demand is 
a EO eA ph inp n 
bq faq TO pa 
Now, factor p = f(q) from the right-hand side of expression (10.2.3), obtaining 
m afla) 
Mk = aft + ard (10.2.5) 
Thus from expression (10.2.4), 
1 
MR = pfi a 3] 2 (10.2.6) 


‘In this case the monopolist is called a monopsonist or an oligopsonist. The use of this terminology 
is deferred until Chapter 15, where the present case is analyzed more intensely. 
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Total Revenue-Total Cost Approach 
10.4.a 


The monopolist, just as the perfect competitor, attains maximum profit by pro- 
ducing and selling at that rate of output for which the positive difference between 
total revenue and total cost is greatest. (Or, minimizes loss when the negative 
difference is least.) To illustrate the total revenue—total cost approach, the hypo- 
thetical revenue and cost data are presented in Table 19.4.1. The data are illus- 
trated. graphically in Figure 10.4.1. 

The table and graph are almost self-explanatory. One should note that maxi- 
mum profit ($4.50) is attained at 50 units of output and sales. By reference to the 
average cosf columu, this rate of output is less than that associated with minimum 
unit cost. Similarly, it is tess than the maximum revenue output, and it is also 
less than the rate of output (somewhat greater than 60) for which price equals 
marginal cost. The latter condition is the “rule” for profit maximization under 
perfect competition. But it does not hold for monopoly, as the marginal approach 
makes clear. 


pop kas Revenue—Marginal Cost Approach 
19.4. 


Since all underlying concepts have been introduced, this section begins with a 
continuation of the example previously used. Table -10.4.2 provides the relevant 
data, shown graphicaily in Figure 10.4.2. 

Under monopoly, maximum profit is-attained at the rate of output and sales for 
which marginal cost equals marginal revenue. The hypothetical data in 
Table 10.4.2 clearly illustrate this proposition. For a proof, however. the con- 
tinuous case represented by Figure 10.4.3 is used. 

In that figure, marginal cost and marginal revenue are given by curves of 
customary shape, intersecting at point Æ. We wisk to prove that producing output 
OQ associated with this intersection leads to maximum profit or minimum loss. 
The method cf attack is “proof by contradiction.” Suppose OQ were not the 
protit-maximizing output. First, assume that it is less than OQ — say OQ). At 
that point marginai cost is OA and marginal revenue is OB > OA. Hence adding 
a unit to output and sales will increase total revenue by more than it increases total 
cost. Therefore profit can be expanded, or loss reduced, by expanding output 
from the rate OQ). And this statement must hold for any cutput less than OQ 
since MR > MC over the entire range from O to Q. 

Next, suppose the profit-maximizing output were greater than OQ —say, 
OQ... At this point marginal revenue is OC and marginal cost is OD > OC. At 
this rate of output an additional unit of output and sales adds more to total cost 
than to total revenue. Profit is accordingly diminished or loss augmented. Fur- 
ther, this must hold for any output greater than OQ because MC > MR over that 
entire range of output: 
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Figure 10.4.1 Profit maximization by the total revenue-total cost approach 
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Figure 10.4.2 Profit maximization by the marginal Figure 10.4.3 Proof of MC = MR theorem for profit 
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Since the profit-maximizing output can neither exceed nor be less than OQ, 
the following proposition is established.“ 


Proposition: A monopolist will maximize profit or minimize loss by producing 
and marketing that output for which marginal cost equals marginal revenue. 
Whether a profit or loss is made depends upon the relation between price and 
average total cost. 


“Let the monopolist’s demand function in inverse form be p = Ka and let the cost be C = C(q). 
Thus profit (7) is 
m = f(g) - Clq). (10.4.1) 
The first-order condition for profit maximization requires that the first derivative of expres- 
sion (10.4.1) equal zero, or 
dn/dq = f(q) + of (q) — C'(q) = 0. (10.4.2) 


Marginal revenue is d{qf(q)]/dq = f(q) + af'(q). Similarly, marginal cost is dC/dq = C'(q). 
Hence expression (10.4.2) gives the profit-maximization rule stated in the text. 
For a true local maximum, the second derivative of expression (10.4.1) must be less than zero, 


That is, the second-order condition requires that 

d?xr/dq? = 2f'(q) + af'(q) - Clg) <0. y (10.4.3) 
The first two terms give the slope of the marginal revenue curve, while C"(q) is the slope of the 
marginal cost curve. The second-order condition requires that the slope of the marginal revenue curve 
be less than the slope of the marginal cost curve (with respect to the quantity axis). Given a negatively 
sloped marginal revenue curve, the condition is obviously satisfied when marginal cost is positively 
sloped. However, monopoly differs from perfect competition in that the marginal cost curve may be 
negatively sloped at the profit-maximizing point, provided its slope is less steep (absolute value of 
slope is less) than that of marginal revenue. 
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Table 10.4.2 Marginal revenue-marginal cost approach to profit maximization 


Output Total Total Marginal Marginal 
and sales Price revenue cost revenue cost Profit 

5 $200 $10.00 $12.25 — $0.45 $ -2.25 
13 1.10 14.30 15.00 $0.54 0.34 —0.70 
23 0.85 19.55 18.25 0,52 0.33 +1.30 
38 0.69 26.22 22.00 0.44 0.25 +4.22 
50 0.615 30.75 26.25 0.35 - 0.35 +4.50 
60 055 33.00 31.00 0.23 0.48 +2.00 
68 0.50 34.00 36.25 0.13 0.66 —2.25 
75 0.45 3375 42.00 -0.03 0:82 -8.25 
81 0.40 32.40 48.25 =0.23 1.04 =15.85 
86 0.35 30.10 55,00 —0.46 1.35 =24.90 


` Short-Run Equilibrium 
10.4.c 


Using the proposition just established, the position of short-run equilibrium under 
monopoly is easily described. Figure 10.4.4 is a graphical representation. The 
revenue side is given by the demand and marginal revenue curves, D and MR, 
respectively, Costs are depicted by the average total cost and marginal cost 
curves, ATC and MC, respectively. 

The profit-maximization “rule” states that short-run equilibrium occurs 
at point E where marginal cost equals marginal revenue. The associated price 
and output are OP and OQ. At the rate of output OO, average tota! or unit cost 
is OC (= QB). Profit per unit is OP — OC = PC. Thus short-run monopoly 
profit is PC x OQ = PABC. It is thus represented by the area of the shaded 
rectangle in Figure 10.4.4. 

in the example of Figure 10.4.4, the monopolist earns a pure profit in the short 
Tun, just as a perfect competitor may. If demand is sufficiently low relative to 
cost, the monopolist may also incur a loss, just as a perfect competitor may. In 
the short run the primary difference between monopoly and perfect competition 
lies in the slope of the demand curve. Either may earn a pure economic profit; 
either may incur a loss. Other comparisons are difficult. About the best that can 
be’ said is that a monopolistic firm is more likely to’ eurn a pure profit in the short 
run because it can effectively exercise some market control. 


Monopoly Supply in the Short Run 
0.4.0 


In perfect competition, one can define a unique “supply price” for each quantity: 
q units will be supplied for $x per unit. In monopoly, supply price is not unique. 
A given quantity would be supplied at different prices, depending on market 
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Figure 10.4.4 Short-run equilibrium under monopoly 
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demand and marginal revenue. This is illustrated in Figure 10.4.5. This shows 
that the price a monopolist will charge depends on the demand curve, given the 
marginal cost curve MC. When demand is D, and marginal revenue is MR,, the 
quantity OQ would be sold at a price of OP, per unit. If, however, the demand 
curve is Dz and the marginal revenue curve is MR, the same quantity, OQ, would 
be sold at OP». 


Relations: Monopoly supply depends on the shape and location of the 
“ demand curve and does not have the clear and exact meaning that 
competitive supply has. It is meaningless to ask in general what price a 
monopolist will charge for a given output since the answer is not unique. 
Stated alternatively, the output that a competitor produces depends only on 
cost conditions and price. The same statement cannot be true of a monopolist 
because a monopolist chooses his price simultaneously with the choice of 


output level. The competitor can only choose output. 
é 


Multiplant Monopoly in the Short Run 
10.4.e 


The discussion has so far been based upon the implicit assumption that.a monopo- 
list owns and produces by means of only one plant. This, however, is not 
necessarily the case. The monopolist may operate more than one plant, and cost 
conditions may differ from one plant to another. A hypothethical two-plant 
example is given in Table 10.4.3 and illustrated graphically in Figure 10.4.6. 
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Figure 10.4.5 Short-run monopoly supply for different 
demand curves 
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Table 10.4.3 Profit maximization in a mulitplant monopoly 
Output Marginal Marginal cost Marginal cost Multiplant 
and sales Price revenue (Plant 1) (Plant 2) Marginal cost 

1 $5.00 -= $1.92 $2.04 $1.92 

2 4.50 $4.00 2.00 2.14 2.00 

3 4.10 3.30 2.08 2.24 2.04 

4 3.80 2.90 2.16 2.34 2.08 

5 3.55 2.55 2.24 2.44 2.14 

6 3.35 2.35 2.32 2.54 2.16 

ri 3.20 2.30 2.40 2.64 2.24 

8 3.08 2.24 2.48 2.74 2.24 

9 2.98 2.18 2.56 2.84 2.32 

10 2.89 2.08 2.64 2.94 2.34 


The first three columns of Table 10.4.3 provide the revenue data, while the 
last three contain the relevant cost data. The marginal costs of plants 1 and 2 are 
shown in columns 4 and 5, and they are plotted in Panel A, Figure 10.4.6. 
Similarly, demand and marginal revenue are plotted in Panel B. The final col- 
umn, “Multiplant marginal cost,” is derived from the marginal cost curves of the 
individual plants. 

If output is expanded from zero to one, the one unit should clearly be produced 
in plant 1, whose marginal cost is $1.92 (<$2.04 in plant 2). Hence, marginal 
cost for the multiplant monopoly is $1.92. If output is to be two units, both should 


Part Three Theory of the Firm and Market Organization 


peo eee ee ee E 
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be produced in plant 1 because its marginal cost for the second unit ($2) is less 
than the marginal cost of producing one unit in plant 2. Hence monopoly mar- 
ginal cost for two units is $2. If three units of output are to be produced, however, 
plant 2 should enter production because its marginal cost for the first unit ($2.04) 
is less than the marginal cost of the third unit in plant 1. By producing two units 
in plant 1 and one unit in plant 2, the multiplant monopoly has a marginal cost 
of $2.04 for the third unit, Column 6, “Multiplant marginal cost,” is derived by 
continuing this line of reasoning for each successive unit of output. 

Multiplant marginal cost is plotted in Panel B, Figure 10.4.6. It intersects 
marginal revenue at point E, corresponding to eight units of output and market 
price of $3.08. By the MC = MR rule, this price—output combination is the one 
for which monopoly profit is a maximum. The problem faced by the monopolist 
is the allocation of production between plants | and 2. 

First, observe that MC = MR = $2.24 at the equilibrium point. A horizontal 
dashed line at the $2.24 level has been extended from Panel B to Panel A. The - 
line intersects the plant marginal cost curves at E, and £2, the points at which 
MC, = MC, = MC = MR. The associated outputs are five units for plant 1 and 
three units for plant 2; their combined quantity is precisely eight units, the 
profit-maximizing output. Thus the monopolist allocates production to the plants 
by equating plant marginal cost with the common value of multiplant marginal 
cost and marginal revenue at the equilibrium output. 

‘ Generalizing, we obtain the following: 


Proposition: A multiplant monopolist maximizes profit by producing that 


output for which multiplant marginal cost equais marginali revenue. Optimal 
allocation of production among the various plants requires each plant to 
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produce that rate of output for which the plant marginal cost is equal to the 
common value of multipiant marginal cost and marginal revenue at the 
monopoly equilibrium output. 


LONG-RUN EQUILIBRIUM UNDER MONOPOLY. 
10.5 
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In a pure monopoly, entrance into the market by potential competitors is not 
possible. Thus whether or not a monopolist earns a pure profit in the short run, 
no other producer can enter the market in the hope of sharing whatever pure profit 
exists. Therefore, pure economic profit is not eliminated in the long run, as it is 
in the case of perfect competition. Certain economists prefer to say that in the 
long run pure profit does not exist irrespective of the type of market organization 
(whether perfectly competitive, monopolistic, etc.). They contend that the mo- 
nopoly position or the monopoly-causing “ingredient” should be capitalized, 
thereby increasing total cost by the amount of the pure profit that would otherwise 
exist (in the absence of capitalization). This is a perfectly defensible argument; 
however, the interpretation used above is retained to facilitate comparisons 
among long-run equilibria under various types of market organization. If the 
no-profit approach is preferred, long-run equilibria can be compared in terms of 
differential returns to the same inputs. 

/ The following example may clarify the point. Suppose that the monopolist in 
question produces mineral water that can be obtained only at one particular 
spring. The source of the monopoly rests in ownership of the land on which the 
spring flows. The monopolist's choice of price and output is shown as OP 21003 
on Figure 10.5.1. If AC is the traditional average cost curve, then profit is given 
by rectangle P*ABC. (That is, profit is total revenue — total cost. Rectangle 
P*AQ*O is total revenue, and rectangle CBQ*0O is total cost.) Since the source 
of this profit is the uniqueness of the property, the value of that property should 
include the profit that can be generated from it. Stated alternatively, if the 
monopolist wanted to sell the land, the price that he would receive would reflect 
the profit P *ABC. In fact, competitive buyers of the land would be willing to pay 
a high enough price such that profit, after taking into account the price of the land, 
falls to zero. Since this is a fixed cost, it would shift the average cost to a new 
buyer to AC’. Any price of land that resulted in an average cost curve less than 
AC” results in positive profits. This causes buyers of the land to compete with one 


. another until the land price is driven exactly high enough to eliminate profit. ~ 


This may be true for new buyers, but what of the existing owner of the land? 
Since the owner has the option of selling the land at the (high) price, the cost of 
retaining the land is the forgone opportunity of selling it. In a sense, the owner 
rents it to himself at the price the market will pay so he can regard his average 
cost curve as AC' also. The profit is capitalized into the value of the land. 
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Figure 10.5.1 Profit for monopolist 
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ha Equilibrium in a Single-Plant Monopoly 
5.8 


Long-run equilibrium adjustment in a single-plant monopoly must take one of 
two possible courses. First, if the monopolist incurs a short-run loss and if there 
is no plant size that will result in pure profit (or at least, no loss), the monopolist 
goes out of business. Second, if the firm earns a short-run profit with its original 
plant, it must determine whether a plant of different size (and thus a different 
price and output) will earn a larger profit. 

The first situation requires no comment. The second calls for the introduction 
of a new concept, long-run marginal cost. 

Long-run marginal cost can be thought of most easily as the change in total 
cost that is associated with a change in output in the long run, that is, when all 
factors are permitted to adjust. Thus, long-run marginal cost can reflect expan- 
sion within one plant, and/or a change to a different plant altogether. 

The example of Table 10.5.1 illustrates the point. In this simple case, a firm 
has the choice of using plant of type 1 or plant of type 2. If it wants to produce 
only one unit, then the best choice in the long run is to use plant of type | ata 
total cost of production of $15. If the firm wants to produce two units, its best 
choice remains plant 1 since $24 < $26. The MC1 column tells what marginal 
cost would be if plant 1 were used-throughout, and the MC2 column tells what 
marginal cost would be if plant 2 were used throughout. LMC is the long-run 
marginal cost. 
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Table 10.5.1 Derivation pf long-run marginal costs 


Output AC1 AC2 TO1 702 MC1 MC2 LMC 


1 15 20 15 20 — ~ = 
2 12 13 24 26 9 13 9 
3 11 10 33 30° 9 4 6 
4 12 11 48 33° 15 3 3 


The marginal cost of the second unit in the long run is 9, because no change 
in plant is required and because the marginal cost of producing the second unit 
in plant 1 is 9. 

Now consider production of the third unit. Three units are produced more 
cheaply in plant 2 than in plant 1 ($30 < $33). Thus, if the firm wishes to 
produce three in the long run, it switches to plant 2. What is the long-run 
marginal cost of producing the third unit? It is the difference between the total 
cost of producing three units optimally and the total cost of producing two units 
optimally. Thus, long-run marginal cost of the third unit is 30 — 24 = 6. Note 
that this is higher than the marginal cost in plant 2. If the firm had used plant 2 
to produce two units, it would be cheaper to move from 2 to 3. But this is 
irrelevant. Minimization of total cost, not marginal cost, is, the goal in the long 
run. A switch in technology at three units is warranted irrespective of its effect 
on marginal cost, 

This leads to the following definition: 


Definition: Long-run marginal cost is the change in the total cost associated 
with a change in output when all factors, including the scale of plant, can vary. 
It may reflect the cost of increasing output without changing the plant or it may 
reflect the cost associated with changing the plant itself and producing an 
additional unit of output. 


We can now examine how the monopolist adjusts to increase his profits in the 
long run. This is illustrated by Figufe 10.5:2. DD’ and MR show the market 
demand and marginal revenue confronting a monopolistic firm. LAC is the 
long-run envelope cost curve (see Chapter 8) and SMC is the short-run marginal 
cost curve. 

Suppose in the initial period the firm builds the plant represented by SAC, and 
SMC,. Equality of short-run marginal cost and marginal revenue leads to the sale 
of OQsg units at the price OA. At this rate of output, unit cost is OD = QsgC; 
short-run monopoly profit is represented by the area of the shaded rectangle 
ABCD. : 

Since a pure economic profit can be reaped, the firm would not consider going 
out of business. However, it would search for a more profitable long-run 
organization. By an argument analogous to the one used in subsection 10.4.b to 
establish the MC = MR rule, the profit-maximum maximorum is attained when 
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Figure 10.5.2 Long-run equilibrium for a single-plant 
monopolist 
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long-run marginal cost equals marginal revenue, The associated rate of output is 
OO», and price is OE. 

By reference to LAC, the plant capable of producing OQ,» units per period at 
the least unit cost is the one represented by SAC, and SMC). Unit cost is accord- 
ingly OH, and long-run maximum monopoly profit is given by the area of the 
shaded rectangle EFGH. This profit is obviously (visually) greater than the profit 
obtainable from the original plant. 

Generalizing, we have the following: 


Proposition. A monopolist maximizes profit in the long run by producing and 
marketing that rate of output for which long-run marginal cost equals marginal 
revenue. The optimal plant is the one whose short-run average total cost curve 
is tangent to the long-run average cost curve at the point corresponding to 

. long-run equilibrium output. 


Comparisnn with Perfect Competition 
10.5. 


The long-run equilibrium positions of a monopolist and a perfect competitor are 
somewhat more comparable than their short-run equilibria. 

In perfect competition, price is determined in the long run by the minimum of 
the average cost curve. In the case of monopoly, the producer selects an output 
such that marginal cost equals marginal revenue and prices at the corresponding 
level on the demand curve. 

Indeed, the perfect competitor produces at the point where marginal cost and 
price are equal. For the monopolist, price may exceed marginal cost by a substan- 
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tial amount. Under certain conditions,’ demand represents the marginal social 
valuation of a commodity by the members of the society. Similarly, long-run 
marginal cost usually represents the marginal social cost of production. Under 
monopoly, the marginal value of a commodity to society exceeds the marginal 
cost of its production to society. The society as a whole would therefore benefit 
by having more of its resources used in producing the commodity in question. 
The profit-maximizing monopolist will not do so, however, for producing at the 
point where price equals marginal cost would eliminate all, or almost all, profit. 
Indeed, there might be a loss. Therefore, all other things equal, social we!fare 
tends to be promoted more by competitive than by monopolistic market 
orgenization. S 

This is easily seen in Figure 10.5.3. The monpolist chooses price OP* and 
produces output OQ *, But the efficient amount of output from society's point of 
view is OQ., which requires price OP.. That OQ * is inefficient can be under- 
stood by considering an increase in output from OQ * to OQ,. The cost of produc- 
ing that additional unit is MC,, shown at point B on thé marginal cost curve. The 
value to the consumer who will buy the good is OP,, shown at point A on the 
demand curve. Since the value exceeds the cost, the good should be produced 
from society’s point of view. Of course, neither the monopolist nor the competi- 
tor is concerned much about society. Since profits are higher at OP *, OQ *, this 
is where the monopolist produces. The competitive firm would do likewise if it 
possessed sufficient market power. 


rt ia Equilibrium in a Multiplant Monopoly 
.5.c 


In the long run a multiplant monopolist adjusts the number of plants to attain 
equilibrium. The process is illustrated in Figure 10.5.4. 

The adjustment of each individual plant is shown in Panel A. Irrespective of 
original plant size, in the long run the monopolist can construct each plant of such 
size that short-run average cost coincides with long-run average cost at the 
minimum point on the latter curve. In other words, the firm can construct each 
plant of such size that the desired rate of output per plant can be produced at the 
irreducible minimum unit cost. But as the firm expands output by expanding the 
number of plants operating at minimum long-run average cost, the cost curves for 
each plant shift upward, This must be true because input prices increase with 
input usage (that is, one must presume that if all resources used were 
unspecialized, there would be a competitive market organization), 

In Chapter 9 this type of situation was discussed. In that case we said the 
competitive industry faced increasing prices of inputs, and we showed how to 
construct the long-run supply curve (or curve showing the long-run supply price). 
A similar curve can be constructed for the multiplant monopolist; but it does not 
relate to long-run supply or long-run supply price (long-run supply, as well as 


"The exceptions are noted in Chapter 17. 
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Figure 10.5.3 Difference in welfare under monopoly 
and perfect competition 
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Figure 10.5.4 Long-run equilibrium in a multiplant monopoly 


Output per plant Monopoly output 


Panel A: Adjustment in individual plant Panel B: Monopoly adjustment 


short-run supply, is not well defined in the case of monopoly). To the monopolist 
this curve is the long-run marginal cost curve because it shows the minimum 
increase in cost attributable to an expansion of output by expanding the number 
of optimally adjusted plants (that is, plants operating at minimum long-run 
average cost). 5 ` 


Chapter 10 Theory of Price Under Pure Monopoly 311 


The long-run marginal cost curve thus derived is labeled LMC in Panel B. The 
revenue conditions are shown by D and MR. Invoking the LMC = MR rule, 
long-run profit maximizing equilibrium is attained at an output of OQ units per 
period and a price of OP. The optimum output per plant is Og. The number of 
plants n,, the monopolist constructs and utilizes is nm = 00/04. 


one a with Perfect Competition 


In the long run both perfectly competitive firms and multiplant monopolists 
operate their plants at minimum long- and short-run unit cost. In this respect they 
are alike. Their differences will become clear by considering a hypothetical case. 

Suppose each firm in a perfectly competitive industry is represented by 
Panel A, Figure 10.5.5. Then long-run industry equilibrium would occur at OQc 
in Panel B, where demand equals short-run supply. The associated market price 
is OC, and the equilibrium number of firms n, is presumably greater than 7m, the 
number of plants operated by the multiplant monopolist. 

Next, suppose all firms are bought by the same individual, who creates an 
effective monopoly. As shown before, the monopolist will produce OQ units and 
sell them at OP each.® The monopolist would require only na < n, plants and 
would accordingly scrap the superfluous plants (in number, ne — nm). Thus, 
while either organization would be characterized by minimum-cost production, 
in comparison with the perfectly competitive industry, the multiplant monopolist 
would sell fewer units, charge a higher price, and operate fewer plants. In this 
case, as in the case of a single-plant monopoly, social welfare tends to be 
promoted to a greater extent by competition than by monopoly. 


SPECIAL TOPICS IN MONOPOLY THEORY 
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Sections 10.1 through 10.5 described the theory of price under conditions of 
monopoly. In this concluding section two special types of monopoly organization 
are discussed. f 


¢ Price Discrimination 


Certain commodities are purchased by two or more distinct types of buyers. For 
example, commercial and residential purchasers of electric power usually can be 
sharply divided on the basis of demand elasticity, Similarly, tourists and business 
executives constitute two different types of markets for motel accommodations. 


“The line CA is the long-run marginal cost because wé assume that there LAC represents the most 
efficient plant and that it can be replicated at the same cost condition. To produce more output, 
indivisibilities aside, the monopolist‘increases the number of plants to keep unit cost at OC. 
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Figure 10.5.5 Long-run equilibrium for competitive 
firms and a multiplant monopolist 
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Monopolists may be able to augment monopoly profit in situations like these 
ty a practice called price discrimination or multipart pricing. Price discrimi- 
nation occurs when different prices are charged for the same commodity in 
different markets. 

For simplicity, consider the case in which a general market can be divided into 
two distinct submarkets.” Suppose, first, that the monopolist has a fixed quantity 
of the product, say 100 units, to be sold in one or both of the two submarkets. 
How should the 100 units be allocated between the submarkets to maximize the 
monopolist’s total revenue?" Suppose initially that the monopolist simply sold 
50 units in each market. Also assume that with this allocation, marginal revenue 
in market 1 (MR,) is $5 and marginal revenue in market 2 (MR;) is $3. In this 
case, the monopolist could increase total revenue by reducing the number of units 
sold in market 2 and increasing the number of units sold in market 1. Hence, if 
one less unit is sold in market 2, total revenue declines by $3 (= MR). But by 
selling this unit in market 1, total revenue increases by $5 (= MR,). Thus, by 
reallocating so that 51 units are sold in market 1 and 49 units are sold in 
market 2, there is a net increase in total revenue of $2 ($5 — $3, or 
MR, — MR;). Obviously this kind of revenue-increasing reallocation is possible 


*In principle, the submarkets must be completely separate in the sense that when a different price 
is established in each, there is no reselling or arbitrage between the markets that would eliminate the 
demand in the higher-priced market. This leads to the implication that price discrimination is more 
common for services than for goods. 


"For the present we are ignoring any production decisions, so maximization of total revenue is 
the appropriate criterion. Later, we will bring the production decision into the analysis. 
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whenever there is a difference in marginal revenue in the two submarkets. We can 
thus conclude that to maximize the total revenue received from the sale of a given 
total quantity of a commodity, a price-discriminating monopolist will allocate the 
quantity sold between the submarkets so as to equate marginal revenue in each 
submarket. Two qualifications to this general rule should be noted: 


1. If the allocation of the output between the submarkets results in equal but 
negative marginal revenue in each submacket, the monopolist can increase 
total revenue by reducing sales in each submarket to the point where 
MR, = MR; = 0 and disposing of the excess output. In other words, the 
monopolist will not sell an output so large as to be in the inelastic portion 
of the demand curve in any submarket. K 

2. Let MR,(q,) and MR,(q2) be marginal revenue in market 1 and market 2, 
respectively, when q, units are sold in market 1 and q, units are sold in 
market 2. Suppose that MR\(q, + q2) > MR,(0). That is, suppose that 
when all the units are sc'd in market 1, marginal revenue in that market 
exceeds the marginal revenue in market 2 when nothing is sold in 
market 2. Then the monopolist will disregard market 2 and sell everything 
in market | as a nondiscriminating monopolist. 


The principle that output be allocated among submarkets so as to obtain equal 
marginal revenue in each submarket can be illustrated in graphical form. Panel A 
of Figure 10.6.1 is the demand curve and marginal revenue curve for 
submarket 1. Panel B of this figure shows demand and marginal revenue for 
submarket 2. Finally, Panel C of this figure is constructed by horizontally sum- 
ming the marginal revenue curves of submarkets 1 and 2 to get the kinked line 
designated MR, + MR;."' Note that, in this case, MR, is greater than MR, when 
quantity is zero in each submarket (that is, the distance OU in Panel A is greater 
than OV in Panel B). This means that for an initial range of quantity, the 
horizontal sum in Panel C is identical with MR,. Once quantity is large enough, 
both MR, and MR; enter the horizontal sum. This occurs at the “kink” designated 
V in Panel C, where V is the same distance above the quantity axis in Panel C 
as is the intercept (also V) of the MR, curve in Panel B.~ 

The usefulness of Figure 10.6.1 as a graphical means of solving the above 
allocation problem can now be demonstrated. Suppose the monopolist has total 
output OB. Starting with Panel C, we locate this total quantity along the horizon- 
tal axis. Then, reading from the MR; + MR; in Panel C, we find that this total 
output is associated with marginal revenue OA. Next, reading Panel B and 
Panel A at marginal revenue OA, we find that the allocation of OB between the 
submarkets is OB, in submarket 1 and OB, in submarket 2 (where, by construc- 
tion, OB, + OB, = OB). By our earlier argument, we know that this allocation 
between the submarkets yields the maximum total revenue that can be obtained 


"The reader should be cautioned that the horizontal sum MR, + MR; in Panel C is not the 
marginal revenue curve that would be found by first horizontally summing the two demand curves 
and then constructing the marginal revenue c.rve for that aggregate demand. 


` 
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Figure 10.6.1 Submarket allocations by a price-discriminating monopolist 
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Figure 10.6.2 Profit maximization by a price-discriminating monopolist 
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from the sale of OB units of output. The demand curves in Panel A and Panel B 
can be used to ascertain the price in each market. Thus, when total quantity is 
OB, OB, is sold in submarket 1 at price Op, and OB, is sold in submarket 2 at 
price Op. 

< It is now a relatively easy step to complete the analysis by introducing the 
monopolist’s marginal cost schedule so as to determine the profit-maximizing 
level of output. This marginal cost curve is designated MC in Panel C of 
Figure 10.6.2. (The demand curves and marginal revenue curves in 
Figure 10.6.2 are the same as in Figure 10.6.1.) The profit-maximizing level of 
output is determined by the intersection of MC and MR in Panel C (where 
MR = MR, + MR.). The reason for this is straightforward. By construction, MR 
in Panel C of Figure 10.6.2 tells us the addition to total revenue arising from 
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an additional increment of output when output is optimally allocated to the 
submarkets. As usual, the marginal cost schedule tells us the increase in total 
cost of an increment in output. Thus, by equating MC to MR in Panel C, we 
locate the total output which satisfies the familiar first-order condition for profit 
maximization. 

In Figure 10.6.2 the profit-maximizing output is OE. Referring to Panel A and 
Panel B, we see that OE, units are sold in submarket 1 at price Op, and OE, units 
are sold in submarket 2 at price Op,, where OE, + OF; = OE. It should be 
mentioned that this output represents the long-run profit-maximizing solution 
only if, at this output, total cost is no greater than total revenue. It is the short-run 
profit-maximizing output only if, at this output, total revenue exceeds total 
variable cost: otherwise, losses could be minimized by producing nothing." ` 

At any given positive output, it is visually apparent that demand is more elastic 
in market 2 than in market 1. Using this information in conjunction with the 
results above brings out an interesting, albeit rather obvious, point: the more 
elastic the submarket demand, the lower the equilibrium price in the submarket. ” 
Among other things, this principle accounts for price differentials favoring com- 
mercial, as against residential, users of electrical power. 


"The mathematical conditions are easy to derive. Let TR;(q,) be total revenue in submarket 1 
when q, units are sold there; let TR,(q2) be total revenue in submarket 2 when q, units are sold there; 
and let TC(q, + qı) be the total cost of producing q, + gz. units of output. The monopolist then 
chooses q, and q, to maximize the expression 


TR\(q:) + TR2(q2) ~ TC(q, + q). (10.6.1) 
The first-order conditions are 

MR\(q:) = MC(q; + q) d (10.6.2) 
and 

MRx(q2) = MC(q, + q) (10.6.3) 


or MR,(q,) = MRxq:) = MC(q, + q3), where MR,(q)) is the marginal revenue in market i (i = 1,2) 
and MC(q, + qı) is marginal cost. 


"This proposition is easily proved. First, recall that marginal revenue may also be written as 


1 
MR = Afi - +] A (10.6.4) 
Next, since marginal revenue must be equal in both markets, we have 
MR, = MR;, (10.6.5) 


where subscripts denote the market. Using expression (10.6.4) in expression (10.6.5) we obtain 


1 1 
a[i -gilze z - (10.6.6) 


Let market 1 be characterized by the higher price elasticity of demand. Hence, 
M> M, 
and thus 


Using the latter inequality in expression (10.6.6), equality between the left- and right-hand sides 
requires p > p,. 
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These results are summarized as follows: 


Proposition: |f the aggregate market for a monopolist's product can be 
divided into submarkets with different price elasticities, the monopolist can 
profitably practice price discrimination. Total output is determined by equating 
marginal cost with aggregate monopoly marginal revenue. The output is 
allocated among the submarkets so as to equate marginal revenue in each 
submarket with aggregate marginal revenue at the MR = MC point. Finally, 
price in each submarket is determined directly from the submarket demand 
curve, given the submarket allocation of sales. 


ae Block Pricing and Perfect Price Discrimination 


Section 10.6.a dealt with monopoly price discrimination across submarkets. It 
was assumed there that only one price is charged in each submarket. A closely 
related but slightly different form of price discrimination arises when a monopo- 
list sets different prices for the same market or consumer. This type of price 
discrimination often takes the form of volume discounts or block pricing. For 
example, the monopolist may charge the consumer a higher unit price for the first 
10 units of a good than for the next 100 units. To explain this phenomenon we 
must first examine the concept of consumer surplus. 

Refer to the demand curve AC in Panel A of Figure 10.6.3 and consider the 
following conceptual experiment. Suppose initially that the consumer would be 
willing to pay Op, for the first unit of the good rather than go without it. Thus, 
the area of the rectangle below the demand curve with base equal to 1 (that is, 
1 unit) and height equal to Op, is a measure of the value of the first unit of the 
good to the consumer (that is, Op, - 1 = Op,). Having obtained one unit of the 
good, the demand curve tells us that the consumer would be willing to pay as 
much as Op, for the second unit." Thus, the arca of the rectangle beneath the 
demand curve with base 1 and height Op, (that is, Op, * 1 = Op2) measures the 
value to the consumer of the second unit of the good. Each additional ‘unit can 
be valued in the same manner. By adding up the areas of such rectangles, the total 
value to the consumer of any given quantity of the good can be measured. For 
example, in Figure 10.6.3, Panel A, the value to the consumer of four units of 

` the good is the sum of the areas of the four rectangles beneath the demand curve. 
These rectangles are constructed so that each has a unit base. Thus, the total area 
is simply the sum Op, + Op, + Op; + Ops. 

If we apply the same technique when the base of each rectangle is very small, 
the measure of the value to the consumer of any given quantity of the good is 
approximated by the area beneath the demand curve corresponding to the quantity 


“This is not quite precise because the payment of p, for the first unit would reduce the consumer's 
income, so the demand curve would shift down (assuming the good is normal or superior). Thus, the 
above estimate of consumer surplus is not precise unless the good in question has a zero-income 
elasticity. 
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NUMERICAL EXERCISE 


A profit-maximizing monopolist produces its output with a total cost 
(in dollars) function given by a 


TC = 5Q + 20 (note: MC = 5) 


and sells its output in two market segments which are completely 
separated from each other. The demand for the product in market 
segment 1 is: 


Q, =55- P, (MR, = 55 — 29,) 


while demand in market segment 2 is: 
Qı = 70 — 2P, (MR, = 35 — Q) 


Questions 


What quantities should the monopolist sell in each market 
. Segment? What prices should be charged in each market 
segment? Finally, explain the result in terms of the price 

elasticity of demand in the two market segments. 


| 
TR, = 550,- Q? MR=55-20, MC=5 : 


Solutions 
Thus, set 
55 — 20, = 5...... Q = 25 
MRz = 35 = Qy asnon Q: = 30 


P=55-Q; Pp, = 30. 
P, = 35 — Q,/2 = 20, 


The price is lower in the market with the more elastic demand. 
If the price is the same, the market with the more elastic de- 
mand has a greater MR than the market with the less elastic 
demand. To expand output in the market with the greater MR, 
you would want to lower price. . . vice’ versa in the market with 
the lower MR. 


(Please refer to “Applying the Theory” section at beginning of 
the chapter for an application of this material to the price of 
college tuition.) 
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Figure 10.6.3 Measurements of value to the consumer 
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Figure 10.6.4 Block pricing and monopoly total revenue 


A A 
o o Pi 4 
2 2 
a B à B 
Èp P, 
o E fo) E E 
Quantity Quantity 


Panel A. Single price Panel B: Block pricing 


in question. Thus, in Panel B of Figure 10.6.3, the value to the consumer of OE 
units of the good is the area of the trapezoid OABE (shaded in the figure). 


Let the demand curve be given in inverse form by the expressionp = D(x). Then the total value 
to the consumer of q units of the good is measured by 


V(q) = Js D()dx . 
Note that, given this interpretation, the marginal value of an additional unit is the derivative of V(q), 


which is simply p = D(q). 
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Returning to our earlier discussion, suppose the monopolist sets price OP as 
in Panel A of Figure 10.6.4. At this price, the consumer purchases OE units of 
the good, which have a total value to the consumer given by the area of the 
trapezoid OABE. However, the consumer pays OPBE for this quantity of the 
good, so the ner value to the consumer is the shaded triangle PAB. This net value 
is called consumer surplus. 

It is obvious from the discussion above that consumer surplus represents the 
maximum additional amount a consumer would be willing to pay for a given 
quantity of a good rather than do without it. If it is possible for a monopolist to 
know (or at least to make a reasonable estimate of) a consumer’s demand curve, 
a multipart pricing strategy can be employed to capture more of this surplus for 
the monopolist. For example, in Panel B of Figure 10.6.4, the monopolist 
charges OP, per unit for the first £, units and OP, per unit for all units greater 
than £,- This reduces consumer surplus to the area of the two shaded triangles and 
increases the total revenue of the monopolist by an amount equal to the reduction 
in consumer surplus. If the monopolist could perfectly discriminate, then each 
and every increment of the good would be priced separately so as to capture all 
the consumer surplus. Total revenue to the monopolist would then be the area 
beneath the demand curve up to the quantity sold, as in Panel B of Figure 10.6.3. 
This is called perfect price discrimination. . 

It is clearly difficult for a monopolist to know exactly each consumer's demand 
curve and, even if this were possible, it would be prohibitively complicated to 
establish a different price policy for each and every individual consumer. None- 
theless, a monopolist may be able to devise some scheme of block pricing or 
volume discounting which will increase total revenue above that associated with 
the best single-price policy. Block pricing and volume discounts are often used 
by public utilities and telephone companies. These price policies may be ex- 
plained in part by the presence of lumpy costs associated with providing service 
to individual consumers, but there is good reason to suspect that some sort of 
price discrimination is also taking place. 


m A pure monopoly exists if there is exactly one seller in a market. The 
market demand curve is thus the monopolist’s demand curve, This means 
that to increase the quantity sold, given the demand curve, the monopolist 
must reduce the price of the product. 

@ Because the monopolist faces a negatively sloped demand curve, marginal 
revenue is less than price at all relevant outputs. The monopolist will take 
into account the effect on price (and, hence, total revenue) of changes in 
output when determining the profit-maximizing quantity to produce and 
sell. The monopolist will choose output in the short run at the point where 
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marginal cost equals marginal revenue so long as total revenue at this 
output exceeds total variable cost. If the latter condition is not satisfied, 
the monopolist will produce nothing. 

E In the long run, the monopolist wili produce and sell the quantity at which 
long-run marginal cost equals marginal revenue (assuming that at this 
output total revenue is not less than total cost). The optimal plant in the 

- long run is the one whose short-run average cost curve is tangent to the 
long-run average cost curve at the equilibrium level of output. 


m Ifa monopolist can successfully separate the general market into 
submarkets that have different demand curves, it will generally be = 
profitable to engage in price discrimination by setting different prices in 
each submarket. The profit-maximizing output will be divided among the 
submarkets so as to equate marginal revenue in each submarket. Total 
output will be where marginal cost is equal to the horizontal sum of the 
marginal revenue curves of the submarkets. 

@ By using block pricing or volume discounts instead of a single-price 
policy, a monopolist may capture additional consumer surplus relative to a 
single-price policy and therefore raise the total revenue obtained from the 


sale of any given quantity of output. 


a aaaaIaIMMaaaaaMMlMlMlMMslMlÃ 
QUESTIONS AND EXERCISES 

1. Federal milk marketing orders, covering most metropolitan areas, impose a 
specified price to be paid dairy farmers for milk used for industrial purposes (for 
example, in making cheese, ice cream, etc.) and a higher price for milk used for 
direct consumption (that is, drinking). 

a. Does such an arrangement affect the returns to the dairy farming industry? 
b. How do the marketing orders affect the allocation of resources and economic 
welfare of the community? 

2. In a consent decree signed in the mid-1950s, IBM agreed to sell, as well as rent, 
various business machines. IBM also agreed to dispose of the facilities used to 
produce punch cards that were required to operate the machines and agreed further 
that IBM would no longer sell punch cards. Firms renting IBM machines formerly 
had to buy their punch cards from IBM. At this time IBM owned 90 percent of all 
machines in its field. What effect would prohibiting the producing and selling of 
punch cards have on IBM’s pricing policy for machines? 

3. On its leased duplicating machines, Xerox has used a pricing policy that involves a 
lower charge per copy the larger the number of copies of a given original. In other 
words, one copy of each of five separate originals costs more than five copies of a 
single original. What similarities does this pricing policy have with the IBM policy 
in question 2? 

4. In a number of university towns, college professors receive discounts from the 
local bookstores, usually about 10 percent. Students are generally not given similar 
discounts. Assuming that this practice constitutes price discrimination, what 
conditions make it feasible and desirable for the stores? 
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5. Some time ago, most of the major airlines issued student travel cards at a nominal 
price. These cards permitted college students to fly “space available” (that is, no 
reservations allowed) at substantial discounts. When this practice was in effect, 
some older nonstudents were using the cards, and some students were ensuring 
themselves available space by reserving seats for fictitious passengers who then do ~ 
not show up for the flight. 

a. Did the discounts represent price discrimination? 
b. Did the conditions necessary for successful discrimination exist? 

6. From 1923 to 1945, Du Pont was virtually the sole American producer of 
“moisture-proof Cellophane,” a product for which it held the key patents. In its 
opinion, which exonerated Du Pont of possessing any economically meaningful 
monopoly, the Supreme Court held “an appraisal of the ‘cross-elasticity’ of 
demand in the trade” to be of considerable importance to the decision. Why? 
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CHAPTER 


Competition and Monopoly: 
Some Analytical Exercises 


Will rent control laws decrease or increase the quantity of rental housing? The 
answer may vary, depending upon whether the rental housing suppliers 
behave more like perfect competitors or like a pure monopoly. This chapter 
explains this answer, as it applies the two basic models of monopoly and 
perfect competition to a variety of circumstances. In addition to considering 
the effects of price ceilings and various taxes, this chapter also considers the 
special case of producers who are monopolists in their domestic country, but 
perfect competitors when exporting to the rest of the world. Such a model is 
one possible explanation for the fairly common practice of charging a 
different price to domestic buyers from that charged to buyers in export 
markets. An explicit example of just such a practice is taken up in detail in 
the “Applying the Theory” section at the beginning of this chapter. @ 
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APPLYING THE THEORY 


Pistachio Growers Applaud Tariff 


By Bruce Keppel 
Times Staff Writer 


California’s pistachio growers who 
claimed to have lost 40 percent of last 
year’s domestic sales to cheap pistachios 
from Iran, predicted a boom in 1986 sales 
after the federal government last week 
slapped tariffs totaling 236 percent on the 
Iranian imports. 

“Everybody is on quite an upbeat note,” 
Ronald Khachigian, chairman of the Cali- 
fornia Pistachio Commission, said Friday. 
“We feel that we can sell any amount of 
pistachios we can grow.” 

The whopping 236 percent tariff — 
actually a combination of penalties — 
means that importers of Iranian pistachios 
will now have to post a $2.36 customs 
bond for every $1 worth of nuts that they 
bring into this country, commission 
lobbyist Robert I. Schramm said. 

The International Trade Administration 
acted after California growers produced 
evidence that Iranian-grown pistachios that 
sold wholesale for $3.50 a pound in Tehran 
were selling wholesale on the East Coast 
for $1.30 a pound, Schramm said. 

Khachigian said grower optimism stems 
in part from the timing of the decision. 
Pistachio trees alternate between producing 
huge crops and small crops, he explained, 
and “we're going into our ‘up’ year.” 

“We won't have the pressure of cheap 
Pistachios hanging over our head, depress- 
ing prices,” he said. “This is what happened 
to us two years ago.” 
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Prices on the 1984 crop, sold last year, 
plunged up to 60 cents a pound as Iranian 
nuts augmented an already swollen Califor- 
nia crop, flooding the market, Khachigian 
said. 


Series of Decisions 


Schramm said the 236 percent total in 
penalties reflects a series of decisions, 
some final, some subject to modification. 

In a preliminary finding last December, 
the government imposed a 56.8. percent 
tariff on Iranian pistachios in response to 
evidence of unfair trade practices. In the 
final ruling this month, it replaced that 
with a 99.5 percent penalty and made the 
levy retroactive to last December 30. 

The government also ordered a prelimi- 
nary “anti-dumping” levy of 192.5 percent, 
effective last December 5. 
(“Dumping” — selling abroad at prices 
lower than production costs —is a 
violation of the international General 
Agreement on Tariffs and Trade.) 

A final determination on that penalty is 
due by July 3. 

Because of some overlap, the net result, 
fully effective last week, totaled 236 percent, 
Schramm said. 

Schramm and Khachigian estimated that 
4 million to 6 million pounds of Iranian 
nuts have been imported since the effective 
dates of the tariffs. Unless these are remoyed 


Figure A 


from sale, the penalties could net the gov- 
ernment up to $10 million, Schramm said. 

Due to an earlier customs ruling, upheld 
by the U.S. Court of International Trade, 
pistachio importers must now clearly 
label their packages to show the country of 
origin. 

One importer was selling Iranian nuts 
under a “Pride of California” label; another 
labeled the nuts “Sun Ranch,” listing a 
California address. (Virtually all U.S. 
pistachios are grown in California.) 

Many retailers opposed the disclosure, 
Schramm said, not wishing to advertise 

e their pistachios as “produce of Iran.” 


Questions 

1. Assume the pistachio producers in Iran 
behave like the price-discriminating 
monopolist in section 11.6. In 


(darkened line represents 
relevant MR curve for Iranian 
producers of pistachios) 


particular, assume they behave like a 
monopoly in Iran due to, say, 
protection from foreign competition by 
tariffs and import restrictions. In 
addition, suppose they could export 
pistachios on the world market where 
perfect competition prevails. 
a. If the domestic demand for 
pistachios in Iran is 


P(in $) = 5.70 - Q 
(MR = 5.70 — 2Q) 


and the world price of pistachios is 
currently $1.30 per unit, and in 
addition, the marginal cost of 
producing pistachios in Iran is 


MC = .1Q 


(continued on page 326) 
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APPLYING THE THEORY 


(continued from page 325) 


find the equilibrium quantity of 
pistachios produced. 

b. How much of the quantity produced 
in (a) is sold domestically? At what 
price? Demonstrate your solution 
graphically. 

c. How much is exported? At what 
price? 

d. Compare the price and demand 
elasticity in the domestic versus 
world market (at the market prices 
and quantities above). Is the result 
consistent with a profit-maximizing, 
price-discrimination monopolist? 

e. Compare your prices in parts 1(b) 
and l(c) above with those reported 
in the article. Can the behavior of 
the Iranian pistachio producers be 
explained by this model of an 
international price-discriminating 
monopoly? 


. Suppose that the government of Iran 


decides to promote*exports to the rest 
of the world by providing an export 
subsidy, s, of 40¢ per unit of pistachios 
exported to the rest of the world. How 
would this export subsidy change the 
results in question 1 above? Are the 
results consistent with the predictions 
at the end of section 11.6? 


. In the article from the Los Angeles 


Times, dumping is defined as “selling 
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abroad at prices lower than production 
costs.” How does this definition of 
dumping differ from the one used in 
this text? Can you think of any reason 
why a firm would ever want to “sell 
abroad at prices lower than production 
costs”? Explain your answer, 


Solutions 


me 


a,b,c. 

Refer to Figure 11.6.1 in text for a 
. Situation exactly analogous to this 
problem. 

For overall quantity, set 

MC = MR = 1.30 .1Q = 1.30, or 
Q= 13. 
To determine domestic output, set 
MR, = 5.70 — 20 = MRrow = 
1.30. 
Thus, 5.70 — 2Q, = 1.30, or 
Q; = 2.20, where I = Iran and 
ROW = rest of world. The price in 
Iran is given by demand curve, sub- 
stituting 2.2 for Q: 


P, = 5.70 — 2.2 = $3.50. 


As Figure A illustrates, the do- 
mestic output is then 2.2 and the 
amount sold in the rest of the world 
is 13 — 2.2 = 10.8 units. 

d. The elasticity of demand in the ex- 
port market (rest of the world) is in- 
finite. At P, = $3.50, Q, = 2.2, the . 


elasticity in Iran = dQ/dP x 
P/Q =1 X 3.5/2.2 = 1.59: 
Thus, MReow = $1.30 + 40¢ = MC. 
Thus, .1Q = 1.70, or total Q = 17. 
Hence, the market with the more 
elastic demand (rest of world) will 
face a lower price, and the sub- 
market with the less elastic demand 
(Iran) will face a higher price. 

e. They are the same as indicated in 
the article. Yes. 


. The export subsidy raises the effective 


MR from selling exports to the rest of 
the world by s, the amount of the sub- 
sidy per unit. 
In Iran, set 
MR, = 5.70 — 20 = MRgow = 1.70. 
Thus, Q, = 2. Amount exported now 
equals 15 (17 — 2). The price in 
Iran = 5,70 — (2) = $3.70. 
The result of the export subsidy is to: 
(a) increase total output from 13 to 17; 
(b) increase the amount exported to the 
rest of the world from 10.8 to 15 
(17 — 2); (c) increase the domestic 
price from $3.50 to $3.70 (and reduce 
domestic output from 2.2 to 2). 

The qualitative changes here are ex- 
actly those predicted at end of section 
11.6 in the text. 


. In the text, “dumping” refers to the 


practice of selling in world markets at 
a price below the domestic price. 


Given the conditions necessary for 
international price-discrimination, this 
practice is consistent with profit- 
maximization. However, note that the 
price in the world market will just 
equal marginal cost. Thus, if the 
“production costs” mentioned in the 
article refer to marginal cost, the defi- 
nition in the article is different. We 
would not expect a price-discriminating 
monopolist to sell goods in the world 
market at a price below marginal cost. 

The only exception to this rule 
might be the following: if the practice 
of “selling below production costs” re- 
sulted in a change in the structure of 
the industry, then such a practice might 
be consistent with long-run profit max- 
imization. That is, by charging below 
cost in the short run, the firm might 
drive competitors out of business. At 
this point, they could conceivably raise 
the export price to the monopoly level. 

This practice is sometimes referred 
to as “predatory pricing.” While econo- 
mists do not deny this possibility, they 
generally cast doubt on the.efficacy of 
such a policy. This topic is left to more 
advanced courses. 


Source: Los Angeles Times, April 15, 1986. 
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INTRODUCTION 


The models of Chapters 9 and 10 have played a central role in the economists’ 
tool bag for many years. This is not because they always appear “realistic” on a 
priori grounds, but because they are capable of providing interesting hypotheses 
that have held up rather well in empirical tests. 

The aim of this chapter is to illustrate the use of these models as hypothesis 
“generators.” We will use the competitive industry model and the model of pure 
monopoly to analyze the impact of certain governmental and industrial policies 
such as taxes and price controls. The specific analyses presented are meant to be 
illustrative, not definitive. What we wish to do is show how the models can be 
used as analytical tools, and we have chosen some relatively simple examples and 
assumptions for this purpose. A more complete analysis would include a refine- 
ment of the assumptions, a more detailed consideration of secondary and tertiary 
effects, and at least some recognition of the general equilibrium aspects of the 
problem. Despite these simplifications, however, the discussion ought to help the 
reader develop a deeper understanding of how the models work. 

The analysis is important not only because it is interesting to understand how 
taxes and subsidies affect an economy, but because almost all possible changes 
can be reinterpreted as a tax of one type or another. Thus, the effects of increases 
on variable input prices are completely analogous to those of a unit tax. Similarly, 
the effects of an increase in a fixed cost such as rent on the factory are analogous 
to those of a lump-sum tax. By understanding the analysis of this chapter, the 
economist has much of what he needs to describe the effects of any kind of cost 
change in the real world. 


ae TAXES IN A COMPETITIVE INDUSTRY 
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We begin with an analysis of the impact of a governmentally imposed excise tax 
in a competitive industry. We assume that the tax is imposed on a per unit basis; 
that is, for each unit sold a tax of, say, 10 cents must be paid.' The tax is paid 
to the government by the producer rather than the buyer, but this has no effect on 
the conclusions so long as we assume that collection costs are essentially the same 
for producers and buyers. We also assume that changes in total industry output 
do not affect technology or factor prices. The objective of the analysis is to 
determine what will happen to prices, industry output, firm output, and the 
number of firms in the industry when the tax is imposed. We will consider the 
effect on these magnitudes first in the short run and then in the long run. 


‘Such taxes apply to cigarettes, for example. A more familiar tax is an ad valorem tax where the 
tax is stated as a given percentage of the selling price. The ad valorem tax is analyzed in a manner 
similar to the unit tax, but the analysis differs in certain details. 
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ae Effects on Cost, Price, and Output 
1.2.a 


To facilitate the discussion, assume that all firms in the industry are identical and 
that there are zo such firms before the tax is imposed. The initial equilibrium is 
shown in Figure 11,21. Panel A shows the short-run average total cost and the 
associated marginal cost curve for a typical firm. The firm is in equilibrium at a 
price of po and an output of qo. Panel B in Figure 11.2.1 shows the industry 
supply curve and the demand curve. Given the constant-cost industry assuinption, 
the supply curve is simply the horizontal summation of the marginal cost curves 
of the firms. Because we assume there are mo firms (all the same as the “typical” 
firm), the total quantity supplied and demanded is oqo. 

When the tax is imposed on producers, marginal cost increases by the amount 
of the tax because the tax is paid on each unit sold. Hence, the marginal cost curve 
shifts up vertically by the amount of the tax. For the same reason the average cost 
curve also shifts up vertically by the amount of the tax.* Notice that this means 
the posttax minimum average cost occurs at the same output as the pretax 
minimum average cost. The new cost curves are shown in MC, and ATC, in 
Panel A of Figure 11.2.2. 

Recall that short-run profits will be maximized (or losses minimized) by a 
competitive firm if output is chosen so as to equate price and marginal cost (given 
that this price is above average variable cost). The tax shifts the marginal cost 
curve so when firms equate price to marginal cost the posttax output of the firm 
will be lower at each price than pretax output at that price. This means the 
industry supply curve will shift. In particular, for a per-unit tax the industry 
supply curve shifts up vertically by the amount of the tax. This is shown by the 
posttax supply curve S, in Panel B of Figure 11.2.2. 

The short-run equilibrium (that is, market-clearing price) will obtain where the 
short-run posttax supply curve intersects the demand curve. If the demand curve 
were completely inelastic, the new price would have to be greater than the old 
price by exactly the same amount of the tax. However, when the demand curve 
is not perfectly inelastic, the new price will be above the old price but by less than 
the amount of the tax. This is because increases in price reduce the quantity 
demanded and the market will not clear at a new price equal to the old price plus 
the tax because at that price producers would be willing to supply the o/d quantity 
but consumers would demand less than the old quantity. Thus, the new market 
price shown by p; in Figure 11.2.2 is above the old but by less than the tax.’ 

At pı each firm reduces its output from go to q, and short-run industry output 
is noq. It was noted above that the minimum of the average cost curve including 


21f the total cost of the firm is C(g) before the tax, then before-tax marginal cost is C'(x) and 
before-tax average cost is C(q)/q. After the tax is imposed, total cost is C(q) + tq where t is the tax. 
After-tax marginal cost is C'(q) + t, and after-tax average cost is [C(q)/q] + t. Observe that the 
minimum pretax average cost occurs at the same output as posttax average cost because these two 
functions differ only by the constant per-unit tax. 

*We assume that the new price, p;, is above the average variable cost including the tax. 
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Figure 11.2.1 Initial equilibrium in a competitive industry 
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ce Sh Effects of the Tax 
11.2. 


The short-run losses that result from the tax cause firms to leave the industry. * The 
actual process by which this occurs is a dynamic question not answered by the 
comparative static models of Chapter 9. Thus we are not able to tell precisely 
which firms will leave or how fast this will happen. We know, however, that 
finns will exit so long as losses exist. 

Of course the losses will not continue indefinitely as firms leave. Remember 
that the supply curve is the sum of the marginal cost curves of the firms. As firms 
leave, this sum will involve a smaller number of firms and thus the industry 
supply curve shifts upward and to the left. This is shown as the shift from Sp to 
S, to Sz in Figure 11.2.3. The shift will stop when economic profits are back to 
zero, which is, of course, at the price which exceeds the initial price by exactly 
the amount of the tax. (This is because the new average cost curve has a minimum 
that is equal to the minimum of the old average cost curve plus the tax.) At this 
point, firms are induced neither to enter nor to leave the industry. Thus, equi- 
librium is reached at p}, with each firm producing qo, but the total is only mgo. 
m is smaller than np because some firms have left the industry (see Table 11.2.1). 
the tax is at the same output, namely qo, as the minimum of the pretax average 
cost curve. This means that p; is below the minimum average total cost and that 
firms are suffering short-run economic losses. The presence of losses in the short 
run sets in motion the forces that lead to the new long-run equilibrium, 

From the way that Figure 11.2.2 is drawn, it is clear that price shifts up by less 
than the full amount of the tax. It is this proposition that leads to a reduction in 
the amount produced by each firm. But how do we know that price could not have 
shifted up by more than the tax? This is easily proved by contradiction. Reference 
to Figure 11.2.2 is useful; 

Suppose that price has shifted up by more than the tax, say, to pz instead of 
pı. This necessarily implies that each of the no firms would like to produce 4z, 
which exceeds go. The total supply for the market would be nog. But at a price 
of p2, consumers are only willing to buy nogz, which falls short of noqo, and 
certainly of noqz. Thus, the price p, cannot be an equilibrium. 

In fact, this is the logic behind the rise in price. A price increase must reduce 
the amount sold because the demand curve is downward sloping. This implies 
that a short-run equilibrium can be reached only when each of the no firms reduces 
output. The long run is somewhat different, however. 


Ad Valorem Taxes 
11.2.¢ 


Ad valorem taxes, sometimes called “sales taxes,” are imposed as a fixed per- 
centage of the price of a commodity. The analysis is quite similar to that of the 
unit tax, but is somewhat easier to explain by assuming that the tax is collected 


“This analysis assumes that the tax is not applied to all other industries. If it were, the alternative 
costs would be affected and the cost curves of the industry would be shifted. 
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Figure 11.2.3 Long-run equilibrium with a unit tax 
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Price Increased but less than tax increased by amount of tax 

Firm output Decreased Unchanged 

Industry output Decreased Decreased (by more than 
short-run decrease) 

Number of firms Unchanged Decreased 


from consumers rather than suppliers.* In view of these strong similarities, we 
will refer only to the industry curves in the graphs. 

When an ad valorem tax is imposed, a fraction of the price paid by consumers 
is taken by the government and the price net of tax is received by producers. In 
Figure 11.2.4, the curve labeled D is the demand curve. This curve represents the 
gross amount consumers are willing to pay per unit for any given output. Before 
the tax is imposed, -producers receive all that consumers pay and, assuming a 
supply curve So, the equilibrium price and quantity are po and nogo. 

After the tax is imposed, producers do not receive all that consumers pay 
because some fixed fraction of the price goes to the government. Accordingly, we 
add an auxiliary curve, labeled Dz in Figure 11.2.4, which shows the price net 


“The same analysis could be applied in the case of a unit tax with no change in the conclusions. 
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Figure 11.2.4 Ad valorem taxes 
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of taxes received by producers.° For each quantity, the associated price on the 
demand curve D is reduced by the fixed tax percent and the resulting “net of tax” 
price is the point on Dz associated with that quantity. The D; curve is the relevant 
one for determining the quantity at which the market clears. The height of Dy is 
a constant proportion of the height of D, bécause the producer receives, say, 
96 percent of the total amount paid by consumers (if the tax were 4 percent). 

In Figure 11.2.4 the short-run market-clearing quantity after the tax is noq, 
where the price received by producers is p; and the price paid by consumers is 
pi. The difference p — p, is the tax per unit- Since the minimum average cost 
before the tax was equal to po (remember there are zero economic profits in 
competitive equilibrium), the after-tax price p; is below this minimum average 
cost.’ This means there are economic losses in the industry and, as in the unit tax 
case, firms begin to leave. 

The reduction in the number of firms drives the supply curve up and to the left 
because we are summing over fewer firms to get this curve. When the supply 
curve finally shifts to S;, the net-of-tax price is po, so firms are again making zero 
economic profit. In this posttax long-run equilibrium, each firm produces qo, the 


“It is inappropriate to add the tax to D since the demand curve depends only on the gross price 
paid for the good. Consumers decide how much to demand given the gross price; they are uncon- 
cerned about what the tax authority or the producer receives. 

7We are accounting for the tax by the auxiliary curve Dy so the cost curves of the firm are not 
affected. 
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output before the tax, but there are fewer firms, so industry output, 74o, is less 
than both initial output and short-run output. Price has risen so that the new 
equilibrium price exceeds the old by the amount of the tax.* 


LUMP-SUM TAXES 
11.3 


334 


Lump-sum taxes differ from unit taxes or ad valorum taxes in that they do not 
vary with output or price. The lump-sum tax, as its name suggests, is simply a 
fixed dollar tax obligation, that is, a fixed cost rather than a variable cost. It is 
a “long-run” fixed cost in the sense that it cannot be avoided except by going out 
of business. Annual operating license fees for retail stores are examples of 
lump-sum taxes. 


ce Effects of a Lump-Sum Tax in a Competitive Industry 
3.4 


Using the assumptions of section 11.2 we can analyze the effect of a lump-sum 
tax on a competitive industry. We note first that lump-sum taxes do not affect 
either marginal cost or average variable cost because they do not vary with 
output. They do affect average total cost just as any fixed cost would. 
Figure 11.3.1, like the figures in section 11.2, shows the cost curves for the 
typical firm and the supply and demand curves for the industry. Before the tax 
is imposed, the industry is in equilibrium at a price of pọ and an industry output 
of nogo. Each of the no firms produces an output of qo. 

The imposition of the lump-sum tax raises the average total cost curve of each 
firm but does not affect marginal cost. After the tax is imposed the average cost 
curve shifts from ATC) to ATC. The marginal cost curve does not change, and 
this means that it must intersect ATC) at its minimum point and ATC, at its 
minimum point. The minimum of ATC, must be above and to the right of the 
minimum of ATC).? 

The marginal cost curve determines the industry supply function in the 
constant-cost industry case, and because there is no change in the marginal cost 
function, the lump-sum tax does not affect the short-run supply schedule. This 


"We have treated the tax as if it were deducted from the price paid by the consumer. Let A be the 
tax; then pr = p — Ap is the price received by the producer where p is the price paid by the 
consumer, This tax is equivalent to a tax of A/(1 — A) added to the price received by the producer. 
Hence a 5 percent sales tax added to the producer's price can be treated ás a 4.76 percent tax deducted 
from the price paid by the consumer for analytical purposes. 


*Let T be the lump-sum tax. Then, if C(q) is the total cost function before the tax, C(q) + T is 
total cost after the tax. Marginal cost is unchanged, but average total cost goes from C(q)/q to 
C(@)/q + T/a. 
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means that in the short run there is no change in price, firm output, or industry 
output. The short-run situation will not persist indefinitely, however, because all 
firms are experiencing economic losses equal to the amount of the lump-sum tax. 


Long Run Effects of a Lump-Sum Tax 
11.3. 


The economic losses caused by a lump-sum tax in the short run result in an exodus 
of firms from the industry. As firms leave, the supply curve shifts up and to the 
left because we are summing over a smaller number of firms. This causes price 
to rise (and industry output to fall) until the firms remaining in the industry return 
to zero economic profits. As shown in Figure 11.3.1, the new equilibrium obtains 
at a price of p, equal to the minimum of the posttax average cost curve. At the 
new equilibrium firms remaining in the industry are producing a larger output 
than before the tax. Posttax industry output is smaller. These results are sum- 
marized in Table 11.3.1. 


‘Students sometimes find this result puzzling and they tend to think the firms will want to increase 
price to cover fixed costs. It must be remembered, however, that in a competitive industry firms are 
price takers not price setters. Given price, the firms will continue to produce along their marginal 
cost curve because this decision maximizes profits (or minimizes losses). Hence, since the industry 
supply schedule is unchanged in the short run, the market-clearing price remains unchanged. 
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Short run Long run 


Price Unchanged Increased 
Firm output Unchanged increased 
Industry output Unchanged Decreased 
Number of firms Unchanged Decreased 


The only counterintuitive result is that each firm produces more, while total 
output is less. The reason behind this is that the lump sum tax has increased the 
efficient scale of operation, as all increases in fixed costs do. This means that if 
a firm is to produce, it must do so at a larger level of output. But this means that 
the industry can support fewer firms. Further, since price rises, total output sold 
must contract because consumers are unwilling to buy the old amount at the 
higher price. We elaborate in the next section. 


Lump-Sum Taxes and the Size Distribution of Firms 
.3.C 


The analysis of subsection 11.3.b suggests that lump-sum taxes tend to have the 
long-run effect of decreasing the number of firms in an industry and increasing 
their size. In other words, lump-sum taxes tend to concentrate output among a 
smaller number of larger firms, and the bigger the tax the more pronounced will 
be this effect. 

This is not to say that lump-sum taxes necessarily favor firms that are relatively 
larger before the tax is imposed. To illustrate this, suppose that an industry 
contains firms of two sizes. Smaller-sized firms achieve minimum average total 
cost at three units of output, and larger firms achieve minimum average total cost 
at five units of output, The two sizes of firms can coexist in the industry so long 
as both have the same minimum average cost. Table 11.3.2 presents the relevant 
data for a lump-sum tax of $10. Column 1 of the table is output, column 2 is the 
average lump-sum tax, column 3 is pretax average total cost for a typical small 
firm, column 4 is posttax ATC for a small firm, column 5 is pretax ATC for a 
typical large firm, and column 6 is posttax ATC for a large firm. Before the tax 
small ard large firms each have a minimum ATC of $100. After the tax the 
minimum ATC for small firms is $101.70, and for large firms $101.91. Hence 
the large firms cannot exist in the industry after the tax is imposed, and those 
firms which were small before the tax survive. It is true, of course, that the pretax 
small firms produce a larger output after the tax than the firms did before the 
tax, so our earlier conclusion that lump-sum taxes increase the average firm size 
is still true." 


"This increase in the size of the firm always holds when small and large firms have the same 
pretax minimum cost. 
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Table 11.3.2 Examples of the effect of lump-sum taxes in an industry with firms of 
different sizes 


Average cost for Average cost for 
Ceca) aware, ei Lo tage in t 
(units) ($10/q) Before tax  Aftertax Beforetax After tax 
1 $10.00 $100.20 $110.20 $101.00 $111.00 
2 5.00 100.10 105.10 100.75 105.75 
3 3.33 100.00 103.33 100.50 103.83 
4 2.50 100.10 102.60 100.25 102.75 
5 2.00 100.20 102.20 100.00 102.00 
6 1.66 100.30 101.96 100.25 101.91 
7 1.42 100.40 101.82 100.50 101.92 
8 1.25 100.50 101.75 100.75 102.00 
9 1.11 100.60 101.71 101.00 102.11 
10 1.00 100.70 101.70 101.25 102.25 
11 0.909 100.80 101.709 101.50 102.40 
12 0.83 100.90 101.73 101.75 102.58 
13 0.76 101.00 101.76 102.00 102.76 
14 0.71 101.10 101.81 102.25 102.96 
15 0.66 101.20 101.86 102.50 103.16 


The disadvantage of the pretax large firms in these examples arises because the 
ATC of large firms rises much more rapidly than that of small firms, as output 
deviates from the output associated with minimum ATC, It is easy to construct 
alternative examples in which the large firms survive the lump-sum tax, and the 
small firms leave. The examples are intended to show that this depends on the 
shape as well as the location of the ATC curve. 


PRICE CONTROLS 


11.4 


Efforts by the government to put ceilings (and in some cases floors) on prices are 
fairly common. Major efforts of this kind were made during World War II, and 
more recently in the Phase I and Phase IV policies of the Nixon administration. 
Other examples such as rent controls in New York City and in foreign cities have 
been around for many years. In this section we examine the effect of price 
ceilings in competitive and monopolistic industries. 


ie Controls in a Competitive Industry 
4a 


Figure 11.4.1 shows the industry supply curve Sp and the industry demand curve 
D for a competitive constant-cost industry of the kind discussed in sections 11.2 
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Figure 11.4.1. Price controls in a competitive industry 
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and 11.3. Before controls are imposed the market clears at a price of pọ and an 
industry output of nogo. (There are no firms, each producing qo.) , 

Now suppose the government imposes a price ceiling of p, (where p. < po). 
At this lower price consumers demand Q, units but firms each cut back their 
output to nog. The shortage created by the ceiling price is thus Q; — nogi 
initially. Because p, is below the minimum ATC (= po) of firms, there is. an 
exodus of firms from the industry. This causes a shift of the supply curve, say to 
Sı. The shortage grows to Q, — nq, because there are fewer firms in the industry. 
The reduction in the number of firms does not affect the controlled price, so the? 
exodus continues. As time goes on and more firms leave, the supply curve shifts 
to Sz and the shortage grows to Q, — mq). Ultimately all firms will leave the 
industry. 

As simple as this analysis is, it captures two interesting features of price 
control programs that are frequently observed in the real world: 


a. Shortages appear to become greater the longer the controls are in effect. 
A big part of the explanation has to do with dwindling supply, as the above 
analysis suggests. 

*b. The longer the controls are in effect the greater will be the rise in price 
needed to clear the market in the short run. This is so because fewer firms 
are present, and industry supply will lie further to the left. In the long run 
the price will return to its precontrol level. 


"In the comparative static analysis used here we assume that no dynamic shifts in supply or 
demand conditions occur during the period of controls. 
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Figure 11.4.2 Price controls in a monopoly 
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Price Controls in a Monopoly 


4 


An interesting difference between the effect of price controls on a monopoly as 
compared with the competitive industry case is that in a monopoly the controls 
need not lead to a shortage. Consider Figure 11.4.2 where the line EAD is the 
demand curve, EBC is the marginal revenue curve, and MC is marginal cost. 
Before a price ceiling is imposed, the monopolist chooses the output Q) where 
marginal revenue equals marginal cost. The output is sold at price po. 

Now suppose a price ceiling of p, is imposed-on the monopolist. Given the 
demand curve, the most that can be sold at this price is output Q.. If more are 
to be sold than Q., the price must be reduced below p,./This means that for 
outputs up to Q. the monopolist has marginal revenue equal to pe. Marginal 
revenue drops to B when output is increased slightly beyond Q.. This is because 
the reduction in price needed to sell additional output must also be applied to the 
output Q. which was previously sold at the ceiling price p.. For further output 
increases the marginal revenue is given by the segment BC of the original 
marginal revenue curve. 

The effect of the ceiling price is thus to change marginal revenue from EBC 
to the broken line p,ABC. The segment AB is actually a discontinuity in the 
postcontrol marginal revenue curve. Marginal cost, as drawn in Figure 11.4.2, 
passes through the discontinuous segment AB of the new marginal revenue curve. 
Hence, for outputs less than Q., marginal revenue (= p) is greater than marginal 
cost and the monopolist increases profit by i increasing output over this region. For 
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outputs greater than Q., marginal cost is greater than marginal revenue so profits 
are increased by reducing output over this range. It follows that after the price 
ceiling is imposed the profit-maximizing output is Q, which is sold at the ceiling 
price pe. The price ceiling has led the monopolist to increase output, and no 
shortage occurs—at least for the particular price ceiling shown in 
Figure 11.4.2." 

Price ceilings can cause shortages in a monopoly (as shown in Figure 11.4.3). 
When the price ceiling is pushed down far enough, the marginal revenue curve 
becomes p.AQp. The marginal cost curve intersects this marginal revenue curve 
at the point B in the horizontal segment p.A. The monopolist produces Q, after 
the ceiling is imposed because this is the point at which marginal revenue (= Pc) 
equals marginal cost. At the ceiling price p., consumers demand Qp and a 
shortage of Qp — Q, obtains. 


PRISE SUPPORTS AND OUTPUT RESTRICTIONS 


Governments put floors under some prices just as they put ceilings on others. 
Agricultural price supports are a well-known example in the United States. For 
many years political pressures have led Congress and the Executive to provide 
legislation that keeps farm prices above market-clearing levels. In this section we 
examine two common ways in which this is done. 


Price Floors 
11.5.4 


Figure 11.5.1 is the supply and demand curve for a competitive industry. Before 
price supports are introduced, the market clears at price pp and quantity Qo. If the 
government supports the price at p, (where p, > po) supply will increase to Qand 
demand will decrease to Q,. The government buys and stores the surplus 
Qz — Q,. The monetary cost to the government is Ps X (Q2 — Q;). The cost to 
society would be measured by the inefficient shift of resources to the farm sector 
and the loss of consumer welfare arising from the increased price. The price 
Support programs in the United States have led the government to hold substantial 
stocks of farm products. For the period 1961-65 annual carryover stocks of wheat 
averaged 1,104 million bushels, and for 1966-70 the annual average carryover 
stock was 600 million bushels of wheat. The figure decreased somewhat in the 
early 70s, averaging 334 million bushels from 1971 to 1975, but increased back 
to an average of almost 500 million bushels of wheat for the period 1976-81. 
Farm income support programs in 1980-81 cost the government over $4.4 billion 
and represented more than 17 percent of net farm income. 


“This phenomenon is often used to justify regulation of monopolists’ prices. In reality, it is hard 
to pick the right price, and errors can be made that do lead to shortages, as we shall soon see. 


“The surplus and associated costs could be even larger if we account for entry into the industry 
(or the failure of inefficient firms to exit) that arises because of the price supports, 
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Figure 11.4.3 Shortages in a monopoly Figure 11.5.1 Price supports 
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Output Restrictions 
11.5.b 


Another way of sustaining farm prices at greater than competitive levels is to use 
output restrictions. The “soil bank” programs which limit the amount of acreage 
that farmers plant are an example of such policies. Assume the government 
restricts the amount of land that farmers can use to grow crops. The short-run 
effect is illustrated in Figure 11.5.2 where the acreage restriction reduces output 
to Q, and results in an increase in price from po to ps. 

A major difficulty with acreage restriction programs is that farmers are encour- 
aged to increase other inputs to get more output. For example, tey may use more 
fertilizer, plant crops closer together, and so on. This is an inefficient alternative 
to using more land and it leads to an increase in costs. Because of these cost 
increases, the supply curve shifts upward to S' in Figure 11.5.2. Farmers are able 
to expand output along this curve because they are meeting the government’s 
acreage restriction while substituting other inputs for land. The result is a reduc- 
tion in market price to p/ and a greater cost of producing the corresponding 
output (namely, 2) than would obtain in the absence of the acreage restrictions. 

This difficulty can be circumvented by a restriction on output, rather than 
input. Instead of the government limiting the amount of an input, land, that can 
be used, the government can place a restriction on the amount of output that a 
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Figure 11.5.2 Output restrictions 


Q, Qz Qo 
Quantity 


farmer can sell. This provides the farmer with the right incentives to produce that 
output as efficiently as possible. The total revenue he receives is at most (p,) (Q1), 
so profit, equal to (p,)(Q,) — cost, is maximized by minimizing cost. 

Even this solution is not without its shortcomings. Since the amount of output 
that is produced is somewhat random (weather, disease, insects, etc., affecting 
the yield), it is possible that the farmer might end up producing an amount greater 
than this quota. Under the restricted output plan, he would be forced to throw the 
extra crop away, which is clearly inefficient from society’s point of view. The 
restriction on input does not suffer from the same difficulty since the farmer is 
allowed to sell everything he grows on the given amount of land. 

Attempts to limit the amount produced or to support the price directly invari- 
ably lead to inefficiencies of some sort. Most economists oppose such measures 
on the grounds that there are better ways to transfer income to groups that are 
labeled deserving for one reason or another. 


ANUNTERNATIONAL MONOPOLIST — DUMPING AND PRICE DISCRIMINATION 
11. 


342 


Consider a firm that is a monopolist in its home country and which is protected 
from foreign competition by tariffs and other import restrictions. Suppose that 
there are no,export restrictions, so the firm could, if it wished; also sell the good 
in the world market where there is a perfectly competitive market for the good 
in question. The firm’s situation is shown in Figure 11.6.1. The firm’s domestic 
monopoly is represented in Panel A by the downward-sloping demand curve AD 
with marginal revenue curve MR,. The world market as seen by this firm is shown 
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Figure 11.6.1 Price discrimination and dumping 
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in Panel B where the competitive price is pe- The firm is a price taker in the world 
market, so the horizontal line p, is also the firm’s marginal revenue schedule for 
exported output. 

Even though the firm is a monopolist only in the domestic market, the ana- 
lytical techniques of subsection 10.6.a in Chapter 10 apply. The firm will allocate 
any given level of total output between the domestic and foreign markets so as 
to have equal marginal revenue in each. The horizontal sum of MR, and p, is 
shown in Panel C of Figure 11.6.1. The downward-sloping segment AB in 
Panel C corresponds to the segment of MR, that lies above the world price, Thus, 
if output is OE or less, all of it will be sold domestically and the firms will not 
enter the world market. For outputs larger than OE, the relevant margina! revenue 
is the foreign price, pe. This is shown by the horizontal segment of MR, + p. in 
Panel C. The explanation of this horizontal segment is intuitively clear; for 
outputs above OE, the marginai revenue in the domestic market is less than the 
world price. Thus, the firm never has to settle for less than p, for any unit it -clls. 

To find the profit-maximizing total output, we locate the point where the firm’s 
marginal cost schedule (MC in Panel C` intersects the horizontal sum of the 
marginal revenue curves. This happens at output OF in Panel C. This output is 
larger than OE, so we know that some output will be sold in the world market. 
In fact, we know from the above discussion that no more than OE units will be 
sold in the domestic market. Thus, it is easy to see that OE units will be sold 
domestically and the remaining EF units will be exported. The domestic sales 
occur at price p, (see Panel A), and the foreign sales are made at the competitive 


world price pe- 
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Domestic price is above the world price because the firm is a price- 
discriminating monopolist. In international trade it is more common to describe 
the above situation as “dumping.” Sometimes a government will wish to encour- 
age exports as a means of improving the balance of trade or to acquire larger 
holdings of foreign currencies. To stimulate exports the government may offer an 
export subsidy (that is, a bonus payment to the firm for each unit it exports). 

If an export subsidy of s per unit of output is paid to the firm described above, 
the effect will be to increase p, to pe + s. The reader can trace through the 
analysis to show that the effect of such an export subsidy is to: 

1. Increase total output of the firm above OF. 
2. Increase the quantity of the good exported, both in absolute and relative 
terms. 
3. Increase domestic price. 
An example demonstrating dumping and price discrimination by an inter- 
national monopolist is presented in the “Applying the Theory” section at the 
beginning of this chapter. 


SUPPRESSION OF INVENTIONS IN A MONOPOLY" 


It is frequently asserted, especially in popular discussion, that monopolists will 
suppress inventions and decrease the durability of a good in order to increase 
sales. To analyze this question we consider the following problem: Suppose a 
monopolist can produce two different qualities of a good with the same total cost 
function for each. The better-quality good provides a greater flow of services per 
unit of time than the lower quality good.'® Which quality will the monopolist 
produce? 

The interesting answer to this question is that the monopolist will always 
produce the better-quality good. To show why, we begin by looking at the 
consumer's behavior. Let K be the amount of the good the consumer purchases, 
and let p, be the price of the good. The service flow per unit of the good will be 
given by a constant u. Thus the consumer who has K units of the good has a total 
service flow of uK. The consumer also consumes another good X which has price 
Ps. If the consumer’s money income is M then the utility maximization problem 
is 

maximize U(X, uK) 
subject to M = p,X + pK. 


“This section is somewhat more technical than the rest of the chapter and can be skipped without 
loss of continuity. 


“The approach taken here is the same as that given by Jack Hirschleifer, “Suppression of 
Inventions,” Journal of Political Economy 79 (1971), pp. 382-83. By using a more complicated 
modei, Professor P. L. Swan has established analogous results for the problem of product durability. 
See Le re “Durability of Consumption Goods,” American Economic Review 60 (1970), 
pp. z 
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Denote the total service flow by Y = uK and rewrite the maximization problem 
as 


maximize U(X, Y) 
. E Pk 
subject to M = p,X + —Y. 
u 


Let X* and Y* be the values of X and Y that solve this problem. Next suppose 
that the service flow per unit of K is increased by A where A > 1. If the price 
of K were simultaneously increased by A, the new maximization problem would 
be 7 


maximize U(X, Y) 


ey ig 
subject to M = p,X + Mae 

In the new problem the A cancels in the numerator and denominator of the 
fraction in the budget constraint so the new problem is identical with the old. This 
means that if X*, Y* solved the initial problem then X*, Y* also solve the new 
problem. It is important to note however, that the optimal K for the old problem 
is K* = Y*/u and the optimal K for the new problem is the smaller quantity 
K** = Y*/Au because Y = AuK in the new problem. 

This result says that the demand curve for K shifts when u is increased. The 
specific shift can be determined as follows: pick a K on the old demand curve, 
increase the associated price by a factor of A, then K/A is the quantity associated 
with this price on the new demand curve.” The shift is illustrated in Figure 11.7.1 
for the case of a linear demand curve with A = 2. The old demand curve is D,, 
and the new curve (after u is doubled) is Dz. Because A = 2 the distance OA is 
one half of OB and the distance OE is twice OC. 

It is now easy to answer the original question. If the monopolist can offer two 
goods, one with a service flow per unit of u and the other with a service flow of 
Au (where A > 1), the latter will be offered if production costs are the same. This 
is because, given the demand curve shift, the monopolist could raise the price 
from p; to Ap, and get the same revenue, since consumers will then demand 1/A 
of their original quantity of K. The monopolist’s costs are reduced, however, 
since the quantity of output has dropped. Thus profits are increased. Of course, 
the actual change in price need not be an increase by a factor of A, but the 
preceding argument shows that the profits at the optimum price with the new 
demand curve must be greater than the optimum profits for the old demand curve 
since we have shown at least one’ way to increase profits over the old optimum. 

The intuition is straightforward. If the high-quality good increases value to 
consumers by more than it increases cost to producers, then the monopolist will 
do better by producing the high-quality good. Since consumers are willing to pay 
proportionately more for the high-quality good, and since cost rises iess than 
proportionately, more profit can be had by shifting toward high quality. 


"If the old demand curve is pi = h(K), the new one is pe = Ah(AK). 
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Figure 11.7.1 Product quality and monopoly 
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QUESTIONS AND EXERCISES 


1. Using the format of Table 11.2.1, show the effects of a unit tax on price, firm 
output, industry output, and the number of firms, both in the short run and the 
long run, for an industry that faces increasing input prices. 

2. Using the format of Table 11.3.1, show the effects of a lump-sum tax on price, 
firm output, industry output, and the number of firms, both in the short run and 
the long run, for an industry that faces increasing input prices. 

3. Discuss the effects of price controls in a competitive industry that faces increasing 
input prices. 

4. What are the short-run and iong-run effects of a lump-sum subsidy (in a 
constant-cost industry) on price, fitm output, industry output, and the number of 
firms when: 

a. The subsidy is given to all firms in the industry, including those that decide to 
enter after the subsidy program is established. 
b. The subsidy is given only to firms in the industry at the time the subsidy is 
established and not to any new entrants to the industry. i 
5. What are the short-run and long-run effects of a unit tax on a monopolist? 
6. What are the short-run and long-run effects of an ad valorem tax on a monopolist? 
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Theory of Price Under 


Monopolistic Competition 


Many goods are produced in markets where there are nuinerous firms, but 
each firm’s product is slightly different from that of others. Examples of such 
goods might include soap, grocery stores, and motels. This chapter deals with 
the economic theory (historically and recently) developed to analyze these 
markets, This theory is applied to the market for “luxury hotels in downtown 
Atlanta” in the “Applying the Theory” section at the beginning of the 

chapter. M 
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APPLYING THE THEORY 


Dog Days for Atlanta’s Dazzling New Hotels 


When the Hyatt Regency Hotel opened 
for business in 1967. its dramatically soar- 
ing 20-story interior not only set a new ap- 
proach to hotel design but also helped turn 
Atlanta into a booming convention city. 
The 1,000-room Regency, designed by 
architect John C. Portman, consistently 
ran upward of 90 percent occupancy and 
turned away guests in droves. Today, 
things have changed. Atlanta is distinctly 
over-hoteled, with far more first-class 
rooms than travelers to fill them. The 
Regency’s occupancy rate has slipped to 
around 65 percent. “For a number of years 
we were the only ball game in town,” 
says General Manager Darryl W. Hartley- 
Leonard. “We sure know we aren’t now.” 

Hartley-Leonard is hardly overstating 
the case. Six major luxury hotels are now 
fighting for business in Atlanta, four of 
them operated by national chains and five 
of them neighbors in a six-block area 
downtown. In the past year, Hilton Hotels 


Corp. and Western International Hotels Co. 


opened new hotels —the Atlanta Hilton 
and the Peachtree Plaza. During the same 
period, Hyatt Corp. spent $5 million to 
refurbish the Regency. And Marriott 
Corp., one of the first national chains to 
enter the Atlanta market, spent 

$2.5 million to redo its 799-room motor 
hotel downtown. In addition, during the 
past year the Omni International, part of a 
major development that includes a sports 
areua and a big amusement park, all under 
one roof, opened its doors downtown, and 
two years ago another luxury hotel, the 
Fairmont, operated by the Fairmont Hotel 


Co. of San Francisco, opened on Peachtree 
Street north of downtown. In all, these hotels 
added some 5,000 new or redecorated 
hotel rooms over the past two years. 


Breakeven Efforts 


Of these six, only the oldest —the 
Marriott — reports occupancy at a healthy 
rate— 78 percent — though even that is off 
7 percent from its high level during its first 
eight years of operation. Occupancy is 
suffering at the other five, and some of 
them are struggling just to break even. 

The Atlanta Hilton, for example, whose 
1,250 rooms make it the city’s largest 
hotel, expects to finish the year with an 
occupancy rate of 56 percent to 58 percent, 
below its 59 percent to 61 percent break- 
even level. The Omni, part of a locally 
based chain of three hotels, figures to end 
1976 with an occupancy rate four points 
below its 59 percent breakeven point. And 
the Fairmont, located in the Colony Square 
office-residential complex that has filed for 
protection under the bankruptcy laws, has 
lost money since it opened two years ago. 
Finaliy, there is Peachtree Plaza; another 
Portman hotel that is operated by Western 
International and boasts 1,100 rooms, a 
lake in the lobby, and a 70-story circular 
glass tower. It is operating at 7 percent 
below the pre-opening projections and 
will wind up the year $2 million short of 
its gross-revenue goal of $27 million. “It’s 
the fierce competition,” says General 
Manager Joseph D. Guilbault. And Harry 
Mullikin, Western International president, 
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says it may take three years before the 
growth of Atlanta catches up with the new 
hotel rooms. 

With each hotel trying to gain an eage, 
together they are spending $2 million 
dollars to beef up sales staffs and adver- 
tising budgets to go after markets that, 
they say, have been neglected in the past. 
Geared to trade conventions and large 
corporate meetings, they have until now 
felt little need to be aggressive in luring 
the overnight guest and the small corporate 
meeting, which might involve just 15 or 20 
rooms a night. “We are going to pay a lot 
more attention to the heavy travelers and 
to the small business-meeting planners,” 
says Guilbault. Thus, Peachtree Plaza is 
committing $150,000 of its $536,000 
advertising budget this year to reaching 
customers through national radio and print. 


Spending More 

Another big spender is the Hyatt, whose 
advertising budget went up 122 percent this 
year over last year. “The phone used to 
ring right off the hook, but now we have 
to go out to look for business,” says 
Hartley-Leonard. 

The Omni is spending 60 percent of its 
$250,000 advertising budget locally in an 
attempt to win over Atlantans, not only for 
its restaurant and bar business but also for 
its lodging business. “ You must have the 
local businessman to be successful because 
when people come to town they ask him, 
‘Where do you think we should stay?” 
explained Bruce Lucker, Omni’s vice- 


president for sales and marketing. “If 

it’s a corporate meeting, it’s the local 
sponsorship that is always taking the 
responsibility, and he is concerned that he 
better look good.” 


Lesson Learned 


It is a failure in precisely this area that 
has hurt the Fairmont so much. Since last 
year, occupancy has stumbled along at 
53 percent to 55 percent and is expected to 
be about the same next year. By opening in 
September 1974—a year before any of the 
other new hotels —the Fairmont had the 
advantage of a head start, but it lost it 
through a combination of poor service and 
arrogant managers. 

“Sometimes I think about getting 
together with our advertising people and 
running a full-page ad in the paper that 
says, ‘Atlanta, we goofed and we're sorry. 
Please give us another chance,’” says 
Albert Rapuano, who took over as the 
Fairmont manager a year ago. But he has 
decided against that and says he will try to 
get the thought over more subtly. He plans 
to present top-name entertainment, as do 
the other three Fairmont Hotels. This has 
been attempted in Atlanta before, but it 
was discontinued because Atlantans balked 
at paying $5 and $10 cover charges. This 
time, Rapuano thinks that the new com- 
‘petition may help the Fairmont. “With all 
the new hotels, people will see that the 
Fairmont is not all that expensive,” he says. 
“The idea is to increase our exposure to the 

(continued on page 350) 
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(continued from page 349) 
local community — to make it the commu- 
nity hotel, so the local people will say “The 
Fairmont’s a good place.’ ” 
‘What the hotel managers really think is 
going to puil them through, however, is 
the new state-financed trade center, called 
the Georgia World Congress Center, which 
just opened. With 350,000 sq. ft., the 
center enables Atlanta to handle large 
trade shows, those involving 25,000 to 
30,000 people. Prior to this, the largest 
facility available was the 70,000 sq. ft. 
Atlanta Civic Center, which could handle 
10,000 people. 


The Outlook 


Though the city’s Convention & Visi- 
-tors Bureau says it may take up to five 
years before the new center reaches its full 
annual potential of 30 to 40’/meetings of 
15,000 to 20,000 delegates each, the 
bureau says it has already signed up 20 
meetings for next year. But the average 
attendance for each is only 7,000. The 
reason that big-ger meetings could not be 
enticed, explains James W. Hurst, execu- 
tive vice-president of the bureau, was that 


-“we met strong resis-tance” from trade 


associations that were afraid that “we 
might not open on time.” 

But with the center opening on schedule, 
most Atlanta hotel executives are ecstatic. 
“It’s pretty much our belief that Atlanta is 
going to be a city with a bright future in 
conventions,” says the Hilton's general 
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manager, William J. Utnik. “The large 
national conventions would not consider 
Atlanta before.” 

On a more somber note, Hyatt’s 
Hartley-Leonard concludes: “Without the 
Congress Center, we would have been in a 
dire condition.” 


Questions 


1. Suppose “luxury hotels in Atlanta” can 
best be described as models of mo- 
nopolistic competition (developed in 
this chapter) and can therefore be 
viewed as a relevant “product group.” 
If this is true, what would you expect 
the size of the cross-price elasticity of 
demand to be between “luxury hotels 
in Atlanta” and “inexpensive hotels in 
Atlanta”? Between “luxury hotels in 
Atlanta” and “luxury hotels in Florida 
(and other areas of the Southeast 
United States)"? Explain. 

2. Refer to passage I in the article. 

a. Show graphically the short-run 
equilibrium position of the Hyatt 
Regency in 1967. What does the 
model of monopolistic competition 
predict should happen in the long 
run? y 

b. At the time the article was written 
(1976), do you think the industry 
was in long-run equilibrium? Why? 
If not, what do you predict should 
happen in the long run? 

c. Show graphically the situation of 
the representative firm once long- 


run equilibrium has been achieved. 
What are economic profits at this 
point for this firm? 

d. Uge your diagram in 2(c) to explain 
why some economists argue that 
monopolistic competition results in 
“excess capacity.” What would be 
Chamberlin’s response to such a 
charge in this case? 

3. Refer to passage II of the article: Is the 
existence of large advertising budgets 
by these hotels consistent with the 
model of perfect competition? Is it con- 
sistent with the model of monopolistic 
competition? 

4. Refer to passage III: How will the new 
state-financed trade center affect the 
situation in questions 2(b) and 2(c)? 


Solutions 


1. It should be quite low. As discussed in 
Chapter 3, the greater the cross-price 
elasticity of demand, the greater the 
degree of substitutability. If this elas- 
ticity were high, then the relevant 
product group should probably be 
“hotels in Atlanta” rather than “luxury 
hotels’in Atlanta.” Similarly, in geo- 
graphic space, if luxury hotels in Flor- 
ida (and other areas of the Southeast 
United States) are good substitutes for 
luxury hotels in Atlanta, then the rele- 
vant product group should probably be 
“luxury hotels in the Southeast,” and 
the cross-price elasticity between lux- 


. a. The graph would be exactly anal- 


ury hotels in Atlanta and luxury hotels 
in Florida would be high. 


ogous to Figure 12.3.2. Note that 
there are presumably short-run eco- 
nomic profits, so that price exceeds 
AC at Hyatt’s profit-maximizing P, 
Q. In the long run, these profits 
should attract entry of similar lux- 
ury hotels. 

b. To the extent that the firms in the 
article were experiencing losses, the 
industry (product group) was not in 
long-run equilibrium. In monopo- 
listic competition, the long-run 
equilibrium position will have firms 
making zero economic profits. Per- 
haps there has been “over-entry” 
since 1967. If there were no further 
changes in industry demand, we 
would predict that some firms 
would exit in the long run. 

c. The graph would be exactly analo- 
gous to Figure 12.4.1. Note that 
economic profits here are zero 
(P = AC for the representative 
firm). 

d. At q., the firm is not operating at 
the bottom of the LAC curve. See 
figure 12.5.1 for more details. 
Chamberlin would respond that 2s 
long as there is price competition in 
this product group, then this “excess 
capacity” is really just the cost for 
product differentiation. 

~ (continued on page 352) 
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(continued from page 351) monopolistic competition, as adver- 

3. No. In perfect competition, the firm is tising could further differentiate the 
assumed to sell a homogeneous product individual firm’s product and increase 
and can already sell all it wants at the profits. à 
market price. There is therefore no in- 4. It should increase the market demand 
centive for an individual firm to adver- and indirectly alter the representative 
tise. (Note, however, that the industry firm's demand curve. As such, it might 
as a whole still might try to shift the allow the product group to reach a 
industry demand curve out through long-run equilibrium without the exit of 
advertising. An example of this wouid firms referred to in 2(b). 


be milk producers getting together with 
ad slogans like the recent, “milk does a 
body good.”) This is not the case in Source: Business Week, September 27, 1976. 


INTRODUCTION 
12.1 


352 


Chapters 9 and 10 dealt with the “pure” and “extreme” cases of perfect com- 
petition and monopoly. The two models are pure in that the analytical results are 
completely independent of personal influences, especially entrepreneurial ex- 
pectations and speculation concerning the behavior of rivals. They are 
“extremes” — from the standpoint of numbers and profit. In perfect competition 
the number of firms in an industry is indefinitely large, while at the Opposite end 
of the “numbers” spectrum, monopoly is a one-firm industry. Similarly, zero 
economic profit per firm is the central characteristic of long-run equilibrium in 
perfect competition. In contrast, monopolization of a market guarantees the 
single firm a greater long-run pure profit than it could earn under any other 
organization of the market (that is, than if there were one or more rival firms in 
the market). 


Historical Perspective 
12.1.a 


With the exception of a few “naive” duopoly theories, discussed in Chapter 13, 
the theories of perfect competition and monopoly constituted “classical” micro- 
economic theory from Marshall to Knight. In point of fact, the theory of perfect 
competition was not thoroughly developed until the publication of Knight’s Risk, 
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Uncertainty, and Profit.” Stigler even argued that Knight’s meticulous discussion 
of perfect competition, clearly pointing out the austere nature of the rigorously 
defined concept, caused a widespread reaction against the use of perfect com- 
petition as a model of economic behavior.” This is probably true; but whatever 
the cause, in the late 1920s and early 1930s there was definitely a reaction against 
the use both of perfect competition and of pure monopoly as analytical models 
of business firms and market behavior. 

A Cambridge economist, Piero Sraffa, was among the first to point out the 
limitations of “competition—or-monopoly” analysis; he was soon followed by 
others. Hotelling emphasized that “the difference between the Standard Oil Com- 
pany in its prime and the little corner grocery store is quantitative rather than 
qualitative. Between the perfect competition and monopoly of theory lie the 
actual cases.” Similarly, Zeuthen argued that “neither monopoly nor competition 
are ever absolute, and the theories about them deal only with the outer margins 
of reality, which is always to be sought between them.” i 

In the late 1920s and early 1930s economists begen turning their attention to 
the middle ground between monopoly and perfect competition. Two of the most 
notable achievements were attributable to an English economist, Joan Robinson,‘ 
and to an American, Edward Chamberlin.’ Initial attention in this chapter is 
directed toward Chamberlin’s unique achievement. The later sections deal with 
more modern interpretations. 


Product Differentiation 
12.1.b 


Chamberlin based his theory of “monopolistic competition” on a solid, empirical 
fact: there are very few monopolists because there are very few commodities for 
which close substitutes do not exist; similarly, there are very few commodities 
that are entirely homogeneous among producers. Instead, there is a wide range 
of commodities, some of which have relatively few good substitutes and some of 
which have many good, but not perfect, substitutes. 

Let us begin with an example, The American Tobacco Company has an 
absolute monopoly in the manufacture and sale of Lucky Strike cigarettes. To be 


"Knight, Risk, Uncertainty, and Profit (Chicago: University of Chicago Press, 1971). 

George J. Stigler, “Perfect Competition, Historically Contemplated,” Journal of Political 
Economy 65 (1957), pp. 1-17. 

3Piero Sraffa, “The Laws of Returns under Competitive Conditions,” Economic Journal 36 
(1926), pp. 535-50. 

‘Harold Hotelling, “Stability in Competition,” Economic Journal 29 (1929), pp. 41-57; citation 
from p. 44. 

SF. Zeuthen, Problems of Monopoly and Economic Warfare (London: Routledge & Kegan Paul, 
1930), p. 62. 

“Joan Robinson, The Economics of Imperfect Competition (London: Macmillan, 1933). 

7E,H. Chamberlin, The Theory of Monopolistic Competition, 6th ed. (Cambridge, Mass.: 
Harvard University Press, 1950). 
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sure, another concern could manufacture identically the same cigarette; but it 
could not label the cigarette Lucky Strike. However, other concerns can manu- 
facture cigarettes and call them Chesterfield, Camel, and so forth. Just as Amer- 
ican Tobacco has an absolute monopoly of Lucky Strikes, Liggett & Myers has 
an absolute monopoly of Chesterfields, and Reynolds Tobacco has an absolute 
monopoly of Camels. Each concern has a monopoly over its own product; but the 
various brands are closely related goods and there is intense, personal com- 
petition among the firms. 

Two important points are to be gleaned from the example. First, the products 
are heterogeneous rather than homogeneous; hence perfect, and impersonal, 
competition cannot exist. Second, although heterogeneous, the products are only 
slightly differentiated. Each is a very close substitute for the other; hence com- 
petition exists but it is a personal competition among rivals who are well aware 
of each other, 

This general type of market is characterized by product differentiation; and 
product differentiation, in turn, characterizes most American markets. There is 
not one homogeneous type of,automobile; nor, for that matter, are there homoge- 
neous types of Soap, men’s suits, television sets, grocery stores, magazines, or 
motels. Each producer tries to differentiate his product so as to make it unique; 
yet to be in the market at all, particular products must be closely related to the 
general product in question. 

There are many ways of differentiating products, some quite real and others 
very spurious, In case of real product differentiation one can usually catalog the 
differences in terms of chemical composition, services offered by the sellers, 
horsepower, cost of input., and so on. In other cases — which many regard as 
spurious — product differentiation is based upon advertising outlays, difference 
in packaging material or design, brand name only (consider the aspirin market), 
and others. 

In any event, when products are differentiated each product is unique and its 
producer has some degree of monopoly power. But usually it is very little, 
because other producers can market a closely related commodity. It is not by 
change that the selling price of cigarettes is almost uniform from brand to brand. 


i a and Product Groups 


In Chapter 9, an industry was defined as a collection of firms producing a 
homogeneous good. For example, by ‘Specifying clip, denier, and other character- 
istics of raw apparel wool, we can define the “raw apparel wool” industry. But 
‘when products are differentiated one cannot define an industry in this narrow 
sense. There is no “automobile” industry or “furniture” industry. Each firm 
having a distinct product is, in a sense, an industry in itself, exactly as a monop- 
oly was described in Chapter 10. Nonetheless, we can usefully lump together 
firms producing very closely related commodities and refer to them as a product 
group. Thus hand soap, ready-to-eat cereal, or automobiles, for example, com- 
prise instantly recognizable product groups, even though in our terminology they 
cannot be called industries. s 
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Naturally enough, combining firms to make product groups is somewhat 
arbitrary. It is not possible to state precisely how “good” the substitutes must be. 
Chewing gum is a substitute for cigarettes, at least to people who are trying to 
quit smoking. But it is doubtful that anyone would place the Wrigley Company 
in the “cigarette” product group. On the other hand, although decaffeinated 
coffee is not a substitute for regular coffee for many people, few would not place 
Sanka in the “coffee” product group. 

It is the difficulty of defining the group that has led most economists away 
from the monopolistic competition paradigm. More recently, a more rigorous 
way of thinking of monopolistic competition has been developed and more is said 
about it below. 


PERFECT COMPETITION 


Chapter 12 


At our initial level of abstraction, we ignore the difficulty of precise definition. 
When “industry” is used, perfect competition or monopoly is implied. When 
product differentiation is an important feature of the market, “product group” is 
used to denote the collection of firms, however combined, that produce some 
variety of the “product.” 

To set the stage for the exposition of monopolistic competition, it is helpful 
to review the model of perfect competition from a slightly different viewpoint. 
Suppose there are n identical firms in the industry and also suppose that con- 
sumers distribute their purchases so that each firm sells 1/n of total market 
demand when all firms charge the same price. Given these assumptions, we can 
analyze the behavior of the industry, using Figure 12.2.1. In this figure the curves 
LAC and MC are the average total cost and the: marginal cost curves, re- 
spectively, for a representative or typical firm. The curve D is the amount of 
demand going to a typical firm when all firms are charging the same price. This 
curve is constructed by taking 1/n of total market quantity demanded at each 
price. We will refer to this curve as the proportional demand curve. 

Assume first that the market price is p and each firm is getting 1/7 of the total 
market (equal to q, in Figure 12.2.1). In perfect competition each firm thinks it 

can sell all it wishes at the market price, and thus the demand curve perceived by 
the individual firm is the horizontal line d. Each firm will therefore wish to sell 
gz units of output, since at this output marginal cost is equal to price. Thus at price 
p the market supply (= nq) will exceed market demand (= nq,) and the market 
is not in equilibrium." 

The efforts of all firms to sell more output than the market demands at the price 
p causes the price to be driven down. Equilibrium occurs only when the price is 
such that the horizontal demand curve perceived by each firm intersects MC at 
exactly the point where the proportional demand curve D intersects the curve 
MC. In Figure 12.2.1 equilibrium is at the price p’ This is the equilibrium 


*Recall that market equilibrium requires supply to equal demand at the market price. 
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Figure 12.2.1 Equilibrium in perfect competition 
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because each firm has precisely the sales quantity q; it desires, given its perceived 
demand curve d’; and since D intersects d” at this price, market supply equals 
market demand. 

This equilibrium is only short run, however, because at p' each firm is making 
a positive economic profit. As more firms’are attracted to the industry by this 
profit, the market demand is divided among a larger number of competing firms. 
The larger number of firms causes D to move down and to the left because at each 
price the representative firm has a smaller proportion of the market. Long-run 
equilibrium exists when D has shifted to D’ and the price is p,.? At p, the 
horizontal demand curve d” perceived by the individual firm is tangent to the 
minimum point of LAC and economic profits are zero. The proportional demand 
curve D' intersects LAC at its mifimum so each firm is able to sell g., which is 
exactly the output it wishes.” 


SHORT-RUN EQUILIBRIUM IN MONOPOLISTIC COMPETITION 


12.3 
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It is an easy step from the discussion of perfect competition in section 12.2 to 
Chamberlin’s model of monopolistic competition. The proportional demand 
curve D has the same meaning as in section 12.2, and it is also assumed that all 


°We assume a constant input~price industry. Long-run equilibrium could also be obtained if factor 
prices, and hence the ATC and MC curves, rose as entry occurs. 


*At prices below p, firms would produce less output than is required to meet market demand, so 
price would rise. 
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firms have identical costs.'' The key difference is that each firm perceives its own 
demand curve (that is, the one that would obtain if it changed its price while all 
other firms left their price unchanged) to be less than perfectly elastic because its 
output is not a perfect substitute for the output of other firms. This is illustrated 
in Figure 12.3.1 where the demand curve perceived by the representative firm, 
d, is downward sloping instead of horizontal as in Figure 12.2.1. If every firm 
charged p, each would sell q, units of output. As in section 12.2 the typical firm, 
acting on the assumption that the other firms will keep price at p, finds it 
profitable to reduce price to p’ and sell an output of qz. (Note that p' and q are 
on the perceived demand curve d.) The important difference between this case 
and that in section 12.2 is that the downward slope of d means that the firm 
perceives that it must reduce price to get more customers. Accordingly, the curve 
mr, which is the marginal revenue curve for d, will be equated with the marginal 
cost curve MC to find the profit-maximizing output and price p’ and qz, re- 
spectively. This is the “monopolistic” aspect of monopolistic competition. 

Just as in section 12.2, the assumption that all firms are identical means that 
what looks good to one looks good to all. When every firm cuts its price, a new 
d curve is established for every firm. The new d curve intersects D at a lower 
price than the former d curve, and the firm’s attempt to get to output q> is 
frustrated. Such price cutting will continue so long as each firm finds it advan- 
tageous to expand output by reducing its price below the current market price. 

In strict analogy to section 12.2 the short-run equilibrium must have the 
characteristic that at the current market price no firm has an incentive to change 
its own price.” This means that in equilibrium the mr curve of each firm must 
equal marginal cost at an output such that the market pricc at that output is on D. 
This is illustrated in Figure 12.3.2. When firms equate mr with MC, the output 
qe is exactly that required for a market price of p,, as indicated by the intersection 
of d and D at p,. In summary, short-run equilibrium in monopolistic competition~ 
has two characteristics: (a) each firm picks output to equate mr and MC, and: 
(b) d intersects D at the output chosen by the firm. 


LONG-RUN EQUILIBRIUM IN MONOPOLISTIC COMPETITION 
12.4 


The equilibrium in Figure 12.3.2 showed that each firm was making positive 
economic profits because price was above average cost at output g,. Monopolistic 
competition assumes that entry of new firms to the product group is uninhibited. 


"Chamberlin clearly intended this definition of D at least for expositional purposes. In his words, 
“Such a curve will, in fact, be a fractional part of the demand curve for the general class of product, 
and will be of the same elasticity. If there were 100 sellers, it would show a demand at each price 
which will be exactly 1/100 of the total demand at that price (since we have assumed al! markets to 
be of equal size)” (Theory of Monopolistic Campetition, 8th ed., p. 90). 

"If the market price were too low, each firm would be motivated to raise its price to equate mr 
and MC. When all firms do this, there is an upward movement of d, along D until the short-run 
equilibrium defined in the text is reached. 
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Figure 12.3.1 The firm in monopolistic competition Figure 12.3.2 Short-run equilibrium in monopolistic 
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As firms enter, the proportional demand curve D will move to the left until 
economic profits are driven to zero. A typical long-run equilibrium (zero eco- 
nomic profit) is shown in Figure 12.4.1. This equilibrium has the short-run 
characteristic that no firm has an incentive to alter its price or output, since 
mr = MC atq.. Moreover, at the market price p,, the proportional demand curve 
D intersects the average cost curve so no economic profits are being made and 
no firm has a motivation to enter or leave the product group. 

Long-run equilibrium is defined by the two conditions: (a) d must be tangent 
to the average total cost curve, and (b) the proportional demand curve D must 
intersect both d and average cost at the point of tangency. The conditions are the 
same as for short-run equilibrium with the additional requirement that d be 
tangent to ATC at the equilibrium output. 
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In this section we examine some of the characteristics of the model of monopo- 
listic competition that have attracted the attention of a number of economists. 


“Ideal Output” and Excess Capacity 
12.5.a 


The concept of ideal output and the associated concept of excess capacity refer 
only to the long run. In the short run, under any type of market organization, there 
can be all sorts of departures from the ideal, reflecting incomplete adjustment to 
existing market conditions. 
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From Marshall to such later writers as Kahn, Harrod, and Cassels,” the ideal 
output of a firm was generally regarded as that output associated with minimum 
long-run average cost, the output corresponding to the points labeled Æ. in 
Figure 12.5.1. Consequently, the ideal plant size is the one giving rise to the 
short-run average cost curve that is tangent to the long-run average cost curve at 
the latter's minimum point. Excess capacity, therefore, is the difference between 
ideal output and the output actually attained in long-run equilibrium. In 
Figure 12.4.1 excess capacity is measured by the distance between the output 
associated with the minimum point on LAC and q.. 

Following Cassels, excess capacity is composed of two parts, as illustrated in 
Figure 12.5.1. Suppose that in a monopolistically competitive market a typical 
firm attains long-run equilibrium at the point £,, with output OQ;. From the 
standpoint of the firm, long-run optimal plant size is given by SAC,. According 
to the present view of ideal output, the socially optimal plant size is represented 
by SAC., and excess capacity (negative, notice) is measured as Q-Q¢ units of 
output. 

The measure of excess capacity may be divided in two parts. First, given the 
plant SAC,, the firm operates at point Æ, rather than at the point of minimum unit 
cost M. Froma social point of view, the resources used by the firm would be more 
efficiently utilized if OQ;, rather than OQ, units were produced. Thus a portion 
of excess capacity, represented by Q; Q, is attributable to socially inefficient 
utilization of the resources actually used. The second portion of excess capacity, 


PR. F, Kahn, “Some Notes on Ideal Output,” Economic Journal 45 (1935), pp. 1-35; R. F. 
Harrod, “Doctrines of Imperfect Competition,” Quarterly Journal of Economics 49 (1934-35), 
pp. 442-70; and J. M. Cassels, “Excess Capacity and Monopolistic Competition,” Quarterly Journal 
of Economics 51 (1936-37), pp. 426-43. 
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Figure 12.5.1 Ideal output and excess capacity 


Price and cost (dollars) 


Quantity 


Q: Qc, arises because socially and individually optimal sizes differ. The monopo- 
listically competitive firm does not employ enough of society's resources to attain 
minimum unit (dollar and resource) cost. 

The view of ideal output just expounded rests, fundamentally, upon the hori- 
zontal demand curve faced by a perfect competitor. But if individual demand 
curves are negatively sloped, if active price competition characterizes the market, 

~ and if entry is free into the product group, Chamberlin argues that Æ, does not 
correspond to ideal output. Product heterogeneity is desired per se; and, ac- 
cording to Chamberlin, it inevitably gives rise to negatively sloped individual 
demand curves. 

“Differentness” is considered a quality of the product and entails a cost just as 
any other quality. The cost of differentness is represented by production to the left 
of minimum average cost. The difference between actual (long-run equilibrium) 
output and output at minimum cost is, then, a measure of the “cost” of producing 
“differentness” rather than a measure of excess capacity. But this is true only so 
long as there is effective price competition in the market. The presence of price 
competition guarantees that buyers can select the “amount” of differentness they 
wish to purchase. In the case of price competition, Chamberlin regards E, as a 
“sort of ideal” for a market in which there is product differentiation. 


| Nonerice Competition and Excess Capacity 


According to Chamberlin, long-run excess equilibrium under monopolistic com- 
petition does not give rise to excess capacity so long as the market is characterized 
by active price competition. In his view, excess capacity arises when free entry 


‘Chamberlin, Theory of Monopolistic Competition, p- 94; 
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Figure 12.5.2 Long-run equilibrium with nonprice 
competition and excess capacity 


Price and cost (dollars) 


Quantity 


is coupled with the absence of price competition. This brand of excess capacity 
is illustrated by Figure 12.5.2. 

LAC, as usual, represents long-run average cost. If there is free entry and price 
competition, long-run equilibrium is attained at E,, where the perceived demand 
curve d,d; is tangent to LAC. As noted, E, must lie to the left of the competitive 
equilibrium £,; but with active price competition it will tend to lie rather close to 
the competitive point. 

For many reasons, active price competition may not characterize certain mar- 
kets. A “live and let live” outlook on the part of sellers, tacit agreements, open 
price associations, price maintenance, customary prices, and professional ethics 
are a few causes of nonaggressive price policies. If price competition is, in fact, 
lacking, individual entrepreneurs will have no regard for the existence of curves 
such as ddy. They will be concerned only with the effects of a general price rise 
or decline, or with the D,D; curve. 

With free entry in the absence of price competition, long-run equilibrium is 
attained (pure profit eliminated) only when enough firms have entered the indus- 
try to push the demand curve to Dy Dy. Equilibrium is attained at Ey, with output 
OQy and price OPy per unit. In Chamberlin’s opinion, Qy Qp represents excess 
capacity: it is the difference in output attributable to the absence of effective price 
competition. If the latter prevails, the firm attains a “sort of ideal” output. 

Chamberlin then concludes that by nonaggressive price policies sellers 


protect, over short periods, their profits, but over longer periods, 
their numbers, since when prices do not fall costs rise, the two 
being equated by the development of excess productive 
capacity . . . for which there is no automatic corrective. . . . It may 
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develop oyer long periods with impunity, prices always covering 
Costs, and may . . . become permanent and normal through a failure 
of price competition to function. The result is high prices and 
waste . . . [attributable to] the monopoly element in monopolistic 
competition. * 


rp saat OF LONG-RUN EQUILIBRIA 
12. 
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A comparison of long-run equilibria is rather difficult inasmuch as it must rest 
essentially upon statements pertaining to cost curves. Conditions giving rise to 
monopoly probably lead to noncomparable differences between competitive and 
monopolistic costs; for similar reasons, noncomparability is also likely between 
either of these two and monopolistic competition. However, a few generalizations 
are possible if one bears in mind that the statements are relative, not absolute, The 
relevant points follow immediately from a comparison of Figures 9.5.4, 10.5.2, 
and 12.4.1. 


Equilibrium in the Firm 
12.6.a } 


For emphasis, it may be well to note the “competitive” and “monopolistic” 
aspects of monopolistic competition. A monopolistically competitive firm is like 
a monopoly in that it faces negatively sloped demand and marginal revenue 
curves; it therefore determines its price—-output policy by equating marginal cost 
with marginal revenue rather than with price, as in perfect competition. At the 
same time, the monopolistically competitive firm is like a perfectly competitive 
one in that it faces direct market competition. The long-run result is the absence 
of pure profit, just as in the competitive case. While all three types may enjoy 
economic profit in the short run, freedom of entry eliminates it in the long run, 
except under conditions of pure monopoly. The qualitative nature of rivalry is 
also different, In perfect competition rivalry is completely impersonal. At the 
Opposite extreme, there is no direct (only indirect and potential) rivalry under 
monopoly. The case of monopolistic competition is somewhat different, but it lies 
Closer to perfect competition. The monopolistic competitor, at least in abstract, 
is aware of the slightly differentiated, highly substitutable products of other 
firms. There would be personal rivalry except for the condition of large 
numbers — so large that each entrepreneur believes his actions will go unnoticed 
by his competitors (because they are so numerous that his actions will not have 
a readily perceptible effect upon any one of them). 


“Ibid., pp. 107, 109. 
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kong nun Equilibria in Industries and Product Groups 


In long-run competitive equilibrium, total industry output is produced in a group 
of plants each of which operates at (long-run) minimum average cost. The 
product is sold at a price equal to minimum average cost, and it is significant to 
note that long-run marginal cost equals both price and average cost at this point. 

Under monopoly the long-run equilibrium situation is substantially different. 
The industry output is produced by one firm which may operate one or more 
plants, If the monopolist operates one plant, it is very unlikely to be of such size 
as to produce at (long-run) minimum average cost; if multiple plants are used, 
however, each will operate at minimum cost. In neither case will price equal 
minimum average cost or marginal cost. Indeed, price will exceed both, so that 
in long-run equilibrium the marginal social valuation of the commodity exceeds 
the marginal cost of its production. 

In the competitive case, each firm operates a plant of ideal size and the 
industry produces. the ideal output. Thus, according to the Marshall-Kahn— 
Cassels version, there is no excess capacity in lorg-run competitive equilibrium. 
In a multiple monopoly each plant is of ideal size; however, there are not enough 
plants to produce the ideal industry output. As a consequence there is long-run 
(negative) excess capacity under monopoly market organization. 

Monopolistic competition is somewhat more difficult to analyze in these 
terms. In large-group equilibrium with active price competition, price is above 
marginal cost, although it equals average cost. The latter is not minimum average 
cost; but Chamberlin argues that the difference between cost at E, and E, is itself 
the “cost” of product differentiation. Since product heterogeneity is apparently 
desired per se, the cost of differentiation is a valid social cost. Hence, according 
to Chamberlin’s argument, E, actually represents the minimum attainable average 
cost when-all relevant social costs are included. Each firm, and the product group 
as a whole, produces the “sort of ideal” output, and excess productive capacity 
does not appear in long-run equilibrium. 

If Chamberlin’s argument is accepted (and it is not, universally), one diffi- 
culty remains. Suppose E, does represent minimum attainable unit cost, includ- 
ing the “cost” attributable to the “ideal” amount of product differentiation. Even 
then, long-run price exceeds short-run marginal cost for the plant in question. The 
marginal social valuation of the product exceeds its marginal cost for the estab- 
lished level of differentiation. Socially, output should be expanded and price 
reduced until P = MC. Given the plant size, plant MC intersects D,D, some- 
where below both SAC and LAC. Hence the socially desirable output would cause 
each firm to sustain a long-run pure loss, a situation incompatible with private 
enterprise. 

In short, the social welfare aspects of monopolistic competition are ambi- 
guous. From a very microscopic standpoint, each firm produces less than the 
socially optimal output. On the other hand, if each firm were somehow forced 
to produce this seemingly desirable level of output at marginal cost price, private 
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enterprise would no longer represent a viable economic system. Finally, the 
abolition of private enterprise would violate a macroscopic welfare criterion 
that apparently transcends microscopic considerations, at least in the United 
States and most industrially advanced Western nations. Thus while the theoretical 
analysis of monopolistic competition is quite clear, the welfare implications of 
this analysis are not. Micro- and macroeconomic welfare criteria are not consis- 
tent and/or reconcilable. The economist qua economist can only indicate the 
dilemma; establishing definitive social goals and welfare standards is beyond his 
professional capacity. 


RIPAPERAISAL OF CHAMBERLIN’S MONOPOLISTIC COMPETITION 
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Economists have been aware of the model of monopolistic competition since the 
early 1930s, but the model has not played a very central role in economic 
analysis. In part, this is because many situations that economists wish to analyze 
are explained quite well by the models of perfect competition or pure monopoly. 
Those situations that do not seem to fit these models well often fall into the broad 
class of oligopoly models (small numbers of sellers) discussed in Chapter 13. 

The model! of monopolistic competition also has met with some strong challen- 
ges on theoretical grounds. Professor George Stigler has criticized Chamberlin’s 
definition of the product group. Stigler noted that every product has many “close” 
substitutes that do not fit easily into any systematic definition of a product group. 
Stigler gives the example of housing of people who live in New York City. He 
observes that housing facilities range from incredible estates to unbelievable 
slums. The housing facilities are geographically diverse, extending directly to 
several states and ultimately to the whole world. It is perfectly possible that the 
product group contains only one firm or, on the contrary, all the firms of the 
economy. This makes it likely that the products of the group are heterogeneous 
from the technological viewpoint. The problem in defining the product group 
makes it difficult to provide any rigorous explanation for the downward-sloping 
d curve in monopolistic competition. ® 

R. F. Harrod has criticized the excess capacity findings of the monopolistically 
competitive model. He finds it inconsistent that the firm equates a long-run 
marginal cost curve and a short-run marginal revenue curve to determine output. 
If the long-run marginal revenue curve were used, the output of the firm would 
be greater because long-run demand is assumed to be more elastic.” 

Cohen and Cyert have raised an important objection to the behavioral assump- 
tions underlying Chamberlin’s model." They find it puzzling that firms do not 
eventually learn that their actions induce predictable reactions from other firms. 


"George J. Stigler, Five Lectures on Economic Problems (London: Longmans, Green, 1949). 
OR. F. Harrod, Economic Essays (New York: Harcourt Brace, 1952). 


"K. J. Cohen and R. M. Cyert, Theory of the Firm, 2nd ed. (Englewood Cliffs, N.J.: Prentice- 
Hall, 1975). 
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Firms cannot continue to believe that their perceived d curve provides real 
price—output opportunities when they find themselves continually frustrated in 
their efforts to move along this curve. If the firms do learn from experience, then 
the market is appropriately analyzed using a model of monopoly, oligopoly, or 
perfect competition according to the conditions of entry. 

Perhaps it is for these reasons that economists rarely use the Chamberlin model 
of monopolistic competition to analyze markets. Although initially appealing 
because of the apparent realism of its assumptions, it is a theory that leaves too 
many loose ends to be of much practical use. This leads to more modern concepts 
of monopolistic competition. 


oe id COMPETITION AND EX POST MONOPOLY 


One way to define monopolistic competition is that firms compete with each other 
for customers, but once customers arrive at firms, the firms behave monopo- 
listically. The following example” illustrates the point. 

Consider a motorist driving through the countryside on a warm summer day. 
As he drives, he encounters a number of fruit stands, located at the side of the 
toad. The fruit stands may look identical to the traveler and all may advertise the 
same products on their road signs. It is unlikely that a complete price list is 
advertised, however, because the driver does not have time to read the list as he 
passes. Instead, one or two items are usually featured. For simplicity, suppose 
that all stands put up signs that say, “Artichokes, 5 for $!.” The stands are surely 
competitive in that they look alike, sell identical products, and are in the same 
basic location. Yet there is potential for monopoly pricing. 

The motorist arbitrarily selects one of the stands to stop at and after doing so, 
decides that some tomatoes would be nice as well. The seller realizes that this is 
the case and in anticipation of the event faces the demand curve shown in 
Figure 12.8.1 as DD’. Ata price greater than $2 per pound, the customer decides 
not to buy, but instead to look at the prices at some other fruit stand. At a price 
equal to $2 per pound the customer buys 3 pounds, and at lower prices he 
demands greater quantities. The marginal revenue schedule is shown by MR. 

What price should the farmer charge for his tomatoes? To make things simple, 
suppose that this is the last customer of the day and that the tomatoes will not keep 
until tomorrow. Suppose further that he has 100 pounds of tomatoes on hand. 
This means that the marginal cost of selling a tomato is zero; it has no other use 
and the seller could satisfy the consumer’s entire demand, even if the good were 
free. But the seller instead selects a price of $1.43 and sells only 5 pounds of 
tomatoes, throwing all the rest out. 

This reflects the classic monopolistic inefficiency: the consumer would take 
another 5 pounds of tomatoes, but they are thrown away in the interest of 


This analysis is drawn from Edward P. Lazear, “Retail Pricing and Clearance Sales,” American 
Economic Review, October 1986. 


Chapter 12 Theory of Price Under Monopolistic Competition 365 


Figure 12.8.1 Demand and marginal revenue when 
consumers can search 


Price per pound 


Pounds of tomatoes 


increasing the farmer’s profit. Yet the fruit-stand industry is competitive; all fruit 
stands produce identical goods. As fundamental is the fact that the farmer does 
not make supercompetitive profits.on his stand. If he did, other farmers would 
open stands until each one’s profits were driven to zero. 

The conundrum reflects the distinction between ex ante and ex post when 
information is not freely available. A farmer who is thinking of opening a fruit 
stand knows that he will have some monopoly power once the car pulls into his 
driveway. But he also knows that because he must compete with other stands 
before the car pulls in, the number of stands will adjust until each, exercising 
ex post monopoly power, earns zero profit. Ex ante, he competes with other 
stands for the attention of passing motorists. Ex post, he behaves as a monopo- 
list, Knowing that it is not costless for the driver to investigate the prices at 
another stand. 


gts eee E COMPETITION AND SPATIAL EQUILIBRIUM . 


Another way to think of monopolistic competition is in geographic space. This 
helps make rigorous the notion of the group, although the assumptions made do 
affect the outcome. 

The original specification comes from Harold Hotelling,”’ who thought of the 
problem of competition between monopolists as one that could be described in 
geographical space. 


VSee Harold Hotelling, “Stability in Competition,” Economic Journal 39 (1929), pp. 41-57. 
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Figure 12.9.1 Hot-dog stands on a beach 


Ernans 


Imagine a beach scene during the summer. The beach is one mile long and 
people are spread evenly over this one-mile stretch, This is illustrated by the line 
in Figure 12.9.1. An entrepreneur wants to open a hot-dog stand on the currently 
empty beach. Suppose that every individual will buy one and only one hot dog 
at a price of $1. The stand is most effectively located a point A, right at the 
half-mile mark. This minimizes the average distance that individuals must walk 
to get their hot dogs. 

Now suppose that a second entrepreneur wants to open a stand. Suppose, 
further, that customers go to the stand that is closest to their position on the beach. 
Given that the first stand is located at A, the second stand’s best strategy is to 
locate right next to the first, say, at B. Then all customers between F and B go 
to the second stand, whereas all customers between E and A go to the first stand. 
The average distance traveled is 1/4 mile. 

The problem is that this is not optimal from a social point of view. For 
example, customers would be better served if stands relocated at C and D. Then, 
those-between B and F would go to C, whereas those between E and A would go 
to D. No one would walk more than 1/4 mile and the average distance traveled 
would be į mile. 

Timing, and lack of cooperation is important, because if the two stands were 
opened simultaneously by the same owner, he would have an incentive to locate 
them at C and D, instead of A and B. Since it reduces the amount of travel time, 
it is likely to result in the sale of more hot dogs. The point is that a monopo- 
listically competitive market does not necessarily create an environment where 
products are differentiated to the appropriate degree. In this case, the products are 
too similar; they are sold at A and B rather than at C and D. 

This example does not only pertain to locational problems. Other examples fit 
as well. Suppose we were talking about wine, which can be from very sweet to 
very dry. We can think of very sweet as being at F and very dry at E. Consumers 
line up along this “line” in terms of their preferences for sweet or dry wine. The 
first wine producer locates in the middle; so does the second. Both produce the 
same item, even though society’s interests would be better served if there were 
one sweet wine at C and a dry one at D. 

This analysis is useful, but does not tell the entire story. Perhaps the most 
important problem is that quality differences cannot always be represented on a 
line. A circle is sometimes a better description of the quality spectrum. When a 
circle, rather than a line is used, results become more complicated.’ An example 


See A. P. Lerner and H. W. Singer, “Some Notes on Duopoly and Spatial Competition,” Journal 
of Political Economy 45 (1937), and more recently, E.C. Prescott and M. Visscher, “Sequential 
Location Decisions among Firms with Foresight,” Bell Journal of Economics 8 (1977), and Steven 
Salop, “Monopolistic Competition with Outside Goods,” Bell Journal of Economics 10 (Spring 
1979), pp. 141-56. $ 
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of product choices that fit a circle rather than a line is the choice of an airline 
schedule. A flight at 7 A.M. is a closer substitute to a flight at 8 A.M. than is a 
flight at midnight, but is the midnight flight or noon flight “closer” to a 6 A.M. 
flight? A line is less natural than a circle in this situation. 

What is also true is that the definition of equilibrium is important. The 
previous analysis hinged on the idea that one hot dog stand set up first, and then 
could not be bribed to move. The second stand, however, could pay the first seller 
something to move his stand down the beach toward D. This creates a different 
set of solutions. Additionally, once demand curves are allowed to have their 
characteristic downward slope, the Hotelling solution is not always correct. 

For example, suppose that consumers will pay $1 for the hot dog if their walk 
is less than 1/4 mile, but only $.25 if they must walk over 1/2 mile. Given that 
the first stand locates at A, the second stand makes more money by locating at 
C. If he locates at B, he makes $1 on everyone between B and C, and $.25 on 
everyone between C and F. If there are M people on the beach, he earns 
N(1/4)(1) + N(1/4) (1/4) = 5/16(N). If instead, he chose C, he would get all 
customers from G to F and earn $1 on each. Thus, he would realize N(3/8) from 
locating at C. Since 3/8 > 5/16, he is better off at C than at B. Table 12.9.1 
shows the revenue associated with locating at each point between A and F, with 
location of 0. corresponding to F, .25 corresponding to C, and .5 corresponding 
to A (i.e., it is the distance from the right endpoint). The revenue that the seller 
receives at each point is also given. As the table reveals, the maximum is at point 
C, with revenues of 3/8. If the first seller can move his stand, after the second 
seller has made his choice, things get more complicated. Game-theoretic maneu- 
vering of this sort is discussed in the following chapter. 

These ideas formalize the notion of the group that Chamberlin had in mind. 
They also make specific the nature of substitution between products. 


SYNOPSIS 
12.10 
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@ Chamberlin developed his theory of monopolistic competition in response to 
rising concern in the 1920s and 1930s that models of pure competition and 
pure monopoly were too extreme to serve as analytical models of business 
firms and market behavior. Chamberlin used the somewhat nebulous concept 
of a “product group” in an effort to capture the idea that many goods have 
close, but not perfect, substitutes. 

@ Short-run equilibrium in monopolistic competition occurs when: (a) each firm 
chooses output to equate marginal revenue (from its perceived demand curve) 
with marginal cost; and (b) the firm’s perceived demand curve intersects the 
proportional demand curve at the output chosen by the firm. The same 
general framework can be used to explain the concept of equilibrium in purely 
competitive markets. The key difference is that in the purely competitive case 
the firm’s perceived demand curve is horizontal, whereas it has a negative 
slope in the case of monopolistic competition. In this sense, the difference 


Part Three Theory of the Firm and Market Organization 


aa 


Location Revenue 
0.00000 $0.25000 
0.03125 0.26563 
0.06250 0.28125 
0.09375 0.29688 
0.12500 0.31250 
0.15625 0.32813 
0.18750 0.34375 
0.21875 0.35938 
0.25000 0.37500 
0.28125 0.36719 
0.31250 0.35938 
0.34375 0.35156 
0.37500 0.34375 
0.40625 0.33594 
0.43750 0.32813 
0.46875 0.32031 
0.50000 0.31250 


between monopolistic competition and pure competition is a matter of degree. 
If the perceived demand curve is negatively sloped but has a very high price 
elasticity, the monopolistically competitive equilibrium will differ from pure 
competition only trivially. At the other extreme, if the firm’s perceived 
demand curve is nearly coincident with the proportional demand curve, the 
monopolistically competitive solution will differ only trivially from a purely 
monopolistic equilibrium. It has not been shown empirically that the model of 
monopolistic competition provides a significantly more accurate explanation 

of firm behavior, particularly with respect to price and output behavior, than 
either of these other models. 

Long-run equilibrium in monopolistic competition has the characteristics 
of short-run equilibrium with the additional condition that entry and exit of 
firms to the “product group” leads each firm in the group to have zero 
economic profit. 

In the absence of price competition, Chamberlin argued that the industry would 
come into equilibrium at a point where prices are high and substantial excess 
capacity prevails. The reasons provided for lack of price competition (which 
may be covert through the use of premiums and other devices) are not 
especially convincing in this context, however. 

Chamberlin’s model has been the subject of various criticisms. One of the most 
important of these is that the firm's behavior persistently fails to account for 
the reaction of rival firms. One might reasonably expect that firms would 
learn about rivals’ responses through experience. But, in that case, the market 
is more appropriately analyzed using the models of pure competition, pure 
monopoly, or one of the models of oligopoly discussed in Chapter 13. 
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m More modern theories of monopolistic competition take two forms: The first 
results from imperfect information so that firms are competitors before the 
customer walks in the door, but monopolists thereafter. The second category 
includes models of spatial equilibria. These models attempt to predict where 
firms will locate on some quality spectrum. Their results are somewhat 
specific to the assumptions made about the nature of substitution between the 
goods. 


QUESTIONS AND EXERCISES 


Explain the difference between short-run equilibrium and long-run equilibrium in 
monopolistic competition. 


. Given the market demand curve Q = 100 — 1/2p, what is the proportional 


demand curve when there are 20 firms in the industry? Show that the proportional 
demand curve has the same elasticity at any price as the market demand curve. 
Show that the model of monopolistic competition is the same as the model of pure 
monopoly when there is only one firm in the industry and entry is prohibited. 
Given the long-run. equilibrium proportional demand curve p = 51 — 2q and the 
ATC curve ATC(q) = q* > 16q + 100 for a firm in monopolistic competition: 

a. What is the long-run equilibrium price and quantity? 

b. What is the slope of the perceived demand curve d at the equilibrium quantity? 
c. What is the marginal revenue perceived by the firm at the equilibrium output? 
Consider a street lined with identical stands that sell leather purses. No advertising 
of prices on the outside is permitted. The demand for purses at any one stand is 
given by P = 10 — Q where P is price and Q is quantity. This demand curve 
takes into account the ability of a customer to shop at another stand. A purse costs 
$2 to produce. A stand costs $80 to build and there are. 100 potential customers. 
Solve for the equilibrium price of a purse and the equilibrium number of stands. 
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‘CHAPTER 


Theories of Price in Oligopoly 
Markets 


What obstacles do cartels face? Is OPEC past its prime as a successful 
international cartel? Such questions stem directly from the material in this 
chapter, which examines the situation when sellers are few and each is acutely 
conscious of the actions and potential reactions of its rivals. In addition to 
analyzing the formal “classical” and “market” solutions to oligopoly, the 
chapter also presents a glimpse at the notorious electrical equipment cartel. In 
the “Applying the Theory” section. at the beginning of the chapter, we 
examine the difficulties the 11 bauxite-producing nations are encountering as 
they struggle to establish an international cartel, the International Bauxite 
Association. @ 
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APPLYING THE THEORY 


Bauxite-Producing Nations’ Price Push 
Eases Some in Wake of Aluminum Slump 


By Gay Sands Miller 
Staff Reporter of The Wall Street Journal 

Cracks are appearing in the cartel-like 
campaign by some bauxite-producing 
nations to get more money for ore mined 
in their countries. 

As a result, North American aluminum 
companies, which use bauxite to make 
aluminum, are growing less nervous about 
their bauxite supplies. “We don't expect 
rapid increases in bauxite prices” in the 
foreseeable future, says one major U.S. 
producer. 

Such talk hardly resembles the tense 
mood of 1974, when Jamaica led six pro- 
ducers’ independent moves to boost their 
revenues from bauxite up to 600 percent, 
and the International Bauxite Association 
was formed, At that time, aluminum 
companies “were more worried about the 
security of their supplies and what the 
future held,” a State Department official 
recalls. 

Yet the I1-nation IBA, stung by the 
steep 1975 slump in aluminum demand, 
so far hasn't succeeded in fulfilling some 
members’ hopes of “organizing” world 
prices for the red, clay-like ore. With 
oil-price rises and rampant inflationary 
pressures of earlier years abating, several 
nations have begun going their own ways 
in taxing the commodity. 

“The evidence is mounting that the 
major companies have largely made their 
peace with the countries,” says C, Fred 
Bergsten, senior fellow with the Brookings 
Institution, a Washington-based research 


organization. He does, however, see 
bauxite prices rising “moderately” once 
world demand recovers from the recession. 


Formula Status Uncertain 


So far, the would-be cartel hasn't even 
agreed on a common-pricing formula, a 
device IBA backers have said is necessary 
to keep aluminum companies from playing 
off one producing country against another. 
The fact that a still-secret common-price 
formula was only “recommended” — not 
“approved” — by [BA's top ministers last 
fall means it won a two thirds majority, 
but wasn’t unanimously backed. 

The naysayers are understood to have 
included Australia, the world’s largest 
bauxite producer. While that nation's 
support is viewed as crucial to any 
effective IBA move to common pricing, 
it's far from guaranteed. The government 
that brought the country into the association 
was replaced by a more conservative one 
last fall, And Australia hasn't a federal 
bauxite levy, though the state of 
Queensland does, 

The IBA members, of course, continue 
to cooperate in “long-term” pricing studies. 
“The honeymoon is over, but we still have 
a marriage,” says Henri Guda, IBA’s 
secretary general. One source describes the 
tone of the IBA executive board's first 
1976 session held in Kingston, Jamaica, 
last month as “low-key... much less 
action-oriented on the question of pricing.” 
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No one seems anxious to predict that a 
common-price strategy might emerge by 
November, when the top IBA ministers 
gather in Sierra Leone for their third an- 
nual meeting. (Members include Jamaica, 
Surinam, Guyana, the Dominican 
Republic, Haiti, Ghana, Guinea, Sierra 
Leone, Yugoslavia, Indonesia and 
Australia.) 


Threat of New Sources 


For one thing, new sources of ore could 


undermine the IBA members. Brazil plans 
to expand its bauxite production greatly, 
but to date has refused to join the group. 
And industry sources argue that projected 
costs to use alterhate (nonbauxite) ores 

set a “ceiling” on how far bauxite prices 
can rise. 

Meanwhile, the bauxite countries are 
just recovering from the effects of last 
year’s severe decline in demand for 
aluminum, Bureau of Mines figures show 
that U.S. imports of dried bauxite last year 
tumbled 25 percent from 1974 to 10.7 mil- 
lion long tons. 

This decline “had a significant effect on 
the revenues of major exporters” of bauxite 
to the United States, according to the IBA's 
third quarterly review issued recently, But 
the association does contend that revenues 
were supported to some degree by improved 
aluminum ingot prices and the so-called 
“Jamaican formula,” which first tied 
bauxite levies to ingot quotes 
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And the outlook for bauxite revenues 
naturally is expected to improve as world 
economies strengthen, Guyana Bauxite 
Co., or Guybau, formed five years ago to 
operate the former holdings of Alcan 
Aluminium Ltd., expects 1976 sales to rise 
about $20 million, or 18 percent, from last 
year's $109.1 million, Patterson Thompson, 
chairman, says. 

But the 1975 slump has prompted several 
concessions from the bauxite nations. For 
instance, Jamaica, the feisty price leader, 
has given ground on its “minimum pro- 
duction” requirements initiated two years 
ago when it boosted ore levies sharply. 
(These set minimum ore tonnages on which 
companies would be taxed, regardless of 
how much they actually mined.) Reynolds 
Metals Co., for example, last year got 
a 27 percent reduction from the 
3,128,000-ton production minimum 
originally set for 1975. 

And the size of the levies is inching 
upward more slowly these days. Jamaica, 
which originally had planned to raise its 
levy to 8.5 percent of the “realized” U.S, 
price of primary aluminum ingot by this 
year, has since negotiated to keep it at 
7.5 percent at least through 1977, 

A three-year pact valued at about 
$68 million recently signed between 
Surinam and an Aluminum Co. of America 
unit, negotiated against the background of 
the recession, calls for that country's levy 
to remain at the present 6 percent level 
through 1978, “We've been realistic,” says 

(continued on page 374) 
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(continued from page 373) nopolist would, show how a “slump in 

John deVries, Surinam’s consul general. In aluminum demand” affects the price of 

the United States “if you ask for an increase bauxite. 

(in levy) but as a result you get a drop in 4. If this were an “ideal” cartel repre- R 

production, then where are you?” he asks. sented by Figure 13.3.1, how should } 
It isn’t clear how fast the countries can the cartel determine each nation’s pro- 

move toward their longer-range goal of duction quota? 

more control over bauxite facilities. 

Jamaica has reached preliminary. 

agreements to take a 51 percent stake in 

bauxite mining and shipping operations of 

such companies as Richmond, Va.—based 

Reynolds and Oakland, Calif.-based Kaiser 

Aluminum & Chemical Corp, (38 percent 


Solutions 


1,2. Obstacles to overcome: 
a, Can you agree on a common 
price? This is a major difficulty 


owned by Kaiser Industries Corp.). 
Pittsburgh-based Alcoa, which expects 


to conclude its agreement within a month, - 


isn't denying reports from Kingston that 


according to the article. Australia, 
for one, seems to be at odds with 
the suggested pricing formula. And 
the “common-pricing formula” has 


Jamaica is seeking far less of a share in its 
$150 million alumina refinery than in its 
$30 million bauxite operation. Alumina is 
the intermediate product in the processing 
of raw bauxite ore into aluminum metal. 


not yet been agreed to. It has only 

been “recommended” by IBA’s top 1 
ministers. While it received a two 
thirds majority, it did not receive y 
unanimous backing. j 


Questions 


b 


Based upon your reading in section 
13.3a, b, and c, as well as this article, 
what obstacles must any successful 
cartel overcome? 


. Are there any indications in this article 


that the hoped-for bauxite cartel is ex- 
periencing any difficulties overcoming 
these potential obstacles? Be specific. 
Assuming the countries can get togeth- 
er and set price much like a pure mo- 


b. Can you prevent “cheating”? As 
section 13.3 indicates, an enforce- 
ment mechanism is often neces- 
sary here. The article doesn’t seem 
to indicate that there is an ob- 
vious one. 

c. Are the major competitors (pro- 
ducer nations in this case) includ- 
ed? In this article, it is noted that 
Australia and Brazil may not join. 
A cartel will provide an umbrella 
under which excluded producers 
can grow. (“Competitors” in this 
context also should include pro- 
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Qa’ Qo 


ducers of close substitutes for the 
product.) Brazil, according to the 
article, is planning to expand its 
bauxite production greatly, but to 
date has refused to join the cartel. 
d. What about non-price methods of 
competition? This may not be a 
particularly important problem 
when the product is fairly homoge- 
neous as appears to be the case for 
bauxite. However, for goods such 
as air travel, or doctor visits, once 
price is eliminated as an arena for 
competition, firms (physicians) can 
still compete on product quality. 


(Please refer to the “Applying the 
Theory” section in Chapter 10 for 
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Q bauxite 


more discussion of the difficulties en- 
countered by cartels.) 


. Since bauxite is an important input for 


aluminum, a decrease in the demand 
for aluminum would be expected to 
decrease the demand for bauxite 
(more on this in the next chapter). 
Assuming the demand for bauxite 
decreases, then the cartel should pro- 
duce where the new MR curve inter- 
sects MC. This quantity is shown as 
Q’ below. Price will be set according 
to the height of the new demand 
curve at Q’. There is not enough in- 
formation to determine whether the 
new price (P’) will be above or below 
the original price (P,). 

(continued on page 376) 
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value of cartel marginal cost and mar- 


APPLYING THE THEORY 


(continued from page 375) ginal revenue. Thus, in Figure 13.3.1, 
4. Quotas that “minimize total cartel each firm (or nation in this case) 
ts ` cost” would be the ideal here. As the would produce the amount for which 

material in section 13.3.b indicates, its marginal cost equals OA. As noted 
this is identical to the short-run prob- in section 13.3.b, to make this method 
lem of allocating monopoly output acceptable to all cartel nations, a 
among plants in a multiplant mono- profit-sharing system more or less 
poly. (See Figure 10.4.6.) Minimum independent of sales quotas must be 
cartel cost is achieved when each firm devised. 
+ palin ete eee Source:. Reprinted with permission of The Wall Street 


Journal. ©Dow Jones & Company, 1976. All rights 
reserved, (June 14, 1976). 
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Oligopoly, or its limiting form duopoly, is a market situation intermediate be- 
tween the cases previously studied. In monopoly only one seller is in the market; 
there competition, in either the technical or the popular sense, does not exist. 
Perfect competition and large-group monopolistic competition represent the op- 
posite. So many firms are in the market that the actions of each are expected to 
be imperceptible to the others. There is competition in the technical sense, but 
little or none in the popular sense. The reverse tends to be true in oligopoly; 
technically, competition is lacking, but sometimes there is intense rivalry or 
competition in the popular sense. 

Oligopoly is said to exist when more than one seller is in the market but when 
the number is not so large as to render negligible the contribution of each. If only 
two sellers are in the market, the special case of duopoly exists. For simplicity 
the duopoly market organization will be discussed rather than the more general 


oligopoly; since the fundamental problem is the same in most cases, generality 
is not sacrificed. 
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The Oligopoly Problem 
13.1.4 


The discussion so far may seem to indicate that there is primarily a quantitative 
difference among the various types of market organizations. In monopoly there 
is one seller; in duopoly two; and so on. To be sure, a quantitative difference does 
exist, and it is convenient to classify markets according to this difference. Yet 
there is a qualitative difference of transcending importance. Briefly, when num- 
bers are few, each seller must be acutely conscious of the actions and potential 
reactions of rival firms. 

Consider a duopoly market. Each firm must almost surely recognize that its 
actions affect the rival firm, which will react accordingly. Since the market is 
divided between the two, most courses of action benefiting one firm will be 
harmful to the other; hence action by one rival will have its counterpart in a 
maneuver by the other. Thus many different courses of action may result. 

The rivals may spend their lives trying to “second guess” each other; they may 
tacitly agree to compete by advertising but not by price changes; or, by recog- 
nizing their monopoly potential, they may form a coalition and cooperate rather 
than compete. In fact, there are just about as many different results as there are 
oligopolies; to examine each would carry taxonomy too far. Thus we concentrate 
our attention on two sets of oligopoly theories. First, a few “classical” solutions 
to the duopoly problem are analyzed. Next, some theoretical “market” solutions 
are examined. But our investigation cannot be complete, for that would require 
one or more volumes in itself. Nonetheless, the principal feature of oligopoly 
markets should be clear. The firms are interdependent; the policies of one directly 
and perceptibly affect the others. Hence competition cannot be impersonal. 


Some Concepts and Assumptions 


First, for analytical convenience we assume that the products within an oligopoly 
market are homogeneous. As a practical matter, most oligopolies are character- 
ized by product differentiation; yet the distinction is not of paramount importance 
because the firms are interdependent whether they produce identical commodities 
or not. Second, we assume that oligopolistic firms purchase inputs in perfectly 
competitive markets. This may or may not be true; it may hold for some inputs 
but not for others. However, when the assumption does great violence to reality, 
a small modification of the cost curves is all that is required. Finally, for the 
present, we assume that the firms behave independently even though they are 
interdependent in the market. That is, the case of collusive oligopoly is ruled 
out even though to the firms concerned it is a highly desirable and sometimes 
realized solution. Since the Sherman Antitrust Act, this is more a legal than an 
economic matter. : 
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Formal speculation about the duopoly problem is sometimes dated from the work 
of a French economist, A. A. Cournot. Beginning with his famous “mineral 
springs” case, some of the outstanding theories of oligopoly behavior will be 
analyzed. Except for game-theory models and the Hotelling case, little credence 
is today accorded these solutions. However, as Machlup put it, “Familiarity with 
the classical models has become a kind of hallmark of the education of an 
economic theorist, even if it helps him more in the comprehension of the tradi- 
tional lingo than in the analysis of current economic problems.”’ 


The Cournot Case? 
13.2.a 


Assume, with Cournot, that two mineral springs, furnishing identical mineral 
water, are situated side by side. One is owned by A, the other by B. The springs 
are actually artesian wells to which purchasers must bring their own containers. 
Consequently the only costs are the fixed costs of sinking the wells; in particular, 
marginal cost is zero for each producer. The duopoly market so constructed is 
illustrated in Figure 13.2.1. DQ is the market demand for mineral water, and MR 
is the marginal revenue curve. i 

Suppose A is initially the only seller in the market. To maximize profit A sells 
OQ, units of mineral water, so that marginal revenue equals the zero marginal 
cost. Price is OP, per unit, and profit is OQ, CP,. Now B enters the market and 
Cournot's crucial assumption comes into the picture. 

To get at an analytical solution of a duopoly situation one must make a 
behavioral assumption concerning each entrepreneur's expectations of the rival’s 
policies. Cournot’s assumption is that each entrepreneur expects that the other 
will never change output. Thus B enters the market expecting A always to market 


. OQ, units of mineral water. In other words, B views the segment CQ as the 


proportion of total demand left after A sells OQ, units and the relevant marginal 
cost curve as MR». Taking this segment as the relevant demand curve, B maxi- 


"Fritz Machlup, The Economics of Sellers’ Competition (Baltimore: Johns Hopkins University 
Press, 1952), p. 369. 


Augustin Cournot, Recherches sur les principes mathématiques de la théorie des richesses 
(Paris, 1838). English translation by Nathaniel T. Bacon entitled Researches into the Mathematical 
Principles of the Theory of Wealth (New York: Macmillan, 1897; reprinted 1927). 
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Figure 13.2.1 Cournot solution 


Price (dollars) 


Quantity 


mizes profit by selling Q, Q> units at price OP,.° At this point, B’s anticipated 
‘profit is Q,Q2FK and A's anticipated profit falls to OQ, KP,.* 

Now A, in turn, expects B always to market Q, Q, = Q2Q units of mineral 
water, According to this belief, OQ, represents the total market available to A. 
With straight-line demand and marginal revenue curves, the best A can do is to 
market OQ,/2 units. Thus, A reduces output somewhat and market price rises 
accordingly. B views the situation anew and sees more of the market now 
available, specifically OQ — OQ,/2. Consequently, B increases output to 
1/2(0Q — OQ,/2), price falls somewhat, and A must reappraise the situation. 


Recall the method of deriving marginal revenue from demand and the fact that marginal cost 
equals zero. Š 

“The dynamics of transition from an initial monopoly position to an ultimate duopoly equilibrium 
can be explained in various ways, none of which is particularly satisfactory The presentation in the 
text is adopted because it is the one most frequently found in the literature and because if one ignores 
certain minor points, it is the most easily understood. But the “minor points” may cause the serious 
student some concern. For example, upon entering the market, B charges a price of OP; per unit. Price 
for both A and B is accordingly OP2, and total sales are OQ>. But since the products of A and B are 
homogeneous, OQ, would be evenly divided between A and B, not divided two thirds for A and one 
third for B as the analysis in the text assumes. With some considerable graphical difficulty, the 
analysis can be revised to allow for market sharing subsequent to price changes. The same conclusion, 
however, ultimately emerges. Mathematical treatment of the Cournot case is not encumbered by this 


difficulty. 
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Believing B will forevermore sell (OQ — OQ,/2)/2 units, tne available mar- 
ket for A appears to be OQ — (00 — 0Q,/2)/2. A’s profit-maximizing output 
is thus [OQ — (OQ — 0Q,/2)/2)/2, somewhat less than previously. And so the 
process continues, A gradually decreasing sales and B increasing sales. But there 
is a limit; the adjustment mechanism converges. 

To see the ultimate result, concentrate first on B. B initially sells 

1Q2 = QQ = OQ/4 units. Then B increases output to (OQ — OQ,/2)/2 = 
(OQ — 30Q/8)/2 = 0Q(1/2 — 3/16) = 50Q/16. B thus expands by 
5/16 — 1/4 = 1/16. The next expansion is by 1/64; the next by 1/256; and so 
on. B’s final output is OQ(1/4 + 1/16 + 1/64 + --.) = 09/3. 

A, on the other hand, initially had one half of the market, OQ; = 1/20Q. 
A’s ouput first falls to OQ,/2 = (30Q/4)/2 = 30Q/8. This is a loss of one 
eight of the market in the first round. Next, A’s output falls to [OQ — 
(OQ — 30Q/8)/2]/2 = 1100/32. In this round A loses 1/32 of the market; 
in the next, A loses 1/128, and so on. A’s final output is OQ(1/2 — 1/8 — 
1/32 — 1/128 —....) = 00/3. 

Graphically, A produces OQ’ units, B produces O'Q units, and market price 
is OP. A’s profit is OO 'LP. B’s is Q 'ỌEL, and the total profit is OOEP. If price 
were set equal to (zero) marginal cost, OQ units would be sold, and profit would 
be zero. This is the perfectly competitive solution. Under monopoly, output 
would be OQ/2 and profit would be OQ, CP,. Thus duopoly output 200/3 is 
smaller than the competitive output but somewhat larger than monopoly output. 
The duopoly price (OP) is two thirds of the monopoly price; total duopoly profit 
is two thirds of potential monopoly profit. 

The Cournot case is one possible solution to the duopoly problem. However, 
it is based upon’an extraordinarily naive assumption: each entrepreneur believes 
the other will never change output, even after repeatedly observing such changes. 
The next duopoly model is based upon a similarly naive assumption.* 


The Edgeworth Case 


Although written in 1838, Cournot’s work received little attention until a much 
later date. Indeed, it was 1883 before a review of his book appeared. This review 
was written by a French mathematician, Joseph Bertrand, who criticized Cournot 
for having his entrepreneurs assume that quantity is held constant. Instead, said 
Bertrand, a solution should be based on the assumption that entrepreneurs believe 


“The mathematically trained reader may wish to show that when the market demand curve is given 

by p = a — bQ, where Q is total output of all producers, then, when there are n firms, each acting 

as a Cournot oligopolist, the Output of each firm in equilibrium is aj[2b + b(n — 1)). If n = 2, 

^ q = a/3b and Q = 2a/3b. If n = I, the monopoly solution obtains, and as n approaches infinity, 

Qutput per firm approaches zero ‘and total industry output approaches the competitive solution 

- Q= a/b. This tendency toward the competitive solution as n — æ could not hold unless there are 

no stale economies in production as shown by Roy J. Ruffin, “Cournot Oligopoly and Competitive 
Behavior,” Review of Economic Studies 38 (1971), pp. 493-502 
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their rivals will maintain a constant price.° This suggestion was developed by 
Edgeworth into the duopoly solution that bears his name.” 

As in the Cournot situation, suppose two firms are selling a homogeneous 
product at zero marginal cost. Edgeworth assumes that each seller has a capacity 
limitation and that every consumer has an identical demand curve for the product. 
Suppose one of the sellers sets a price, say p;. The other seller can do one of two 
things: (a) set a slightly lower T price than pı, taking most of the market from the 
first seller, or (b) set a monopoly price for those customers who could not 
purchase from the first seller because of the first seller’s capacity limit. The 
situation can be illustrated best with a numerical example. Suppose there are 
1,000 consumers, each with ademand curve g = 1 — p where p is price and gis 
quantity. Each seller has a capacity of 400 units. 

Consider, first, seller A’s pricing decision. In the absence of any competition 
from B, the best price to charge is .6. This can be seen in Table 13.3.1. Any price 
below .6, demand exceeds 400, but the seller can only supply 400. Revenue 
increases with price up to pa, = .6. At price greater than .6, demand falls below 
capacity and revenue falls because the increased price does not offset the de- 
creased quantity sold. 

Now B has the two options listed above. Recall that B assumes that A does 
not alter price. Thus, choosing Ps, = .6 is clearly inferior to choosing P, = .59, 
because with the former, B sells 200 at .6 and with the latter, B sells 400 at .59. 
(Consumers go first to the lowest-priced firm.) 

Firm A has lost virtually all sales to firm B and therefore will undercut Ps, of 
.59, say, by charging P4, = .58. This undercutting process proceeds for a while, 
but not forever. 

For example, suppose that P,, = .28. If B undercuts to .27, then B receives 
(.27) (400) or $108. But a better strategy is available. At P,, = .28, the demand 
for the good = (1 — .28)1000 or 720. But A can only supply 400. Each of the 
first 555 customers can buy their full .72 before A runs out. The next customer 
gets only a fraction of what he wants and there is none left for anyone else. This 
means that the remaining 444 consumers are forced to go to B, who recognizes 
that he is in a monopoly position now with respect to these consumers. The best 
price to charge each of them is .5. He sells (1 — .5)(444") = 222° of the items 
at a price of .5 and so has a revenue of $111.11. This exceeds $108 and so is a 
preferred strategy. 

The market has a low-priced seller, A, with a price of .28 and a high-priced 
seller, B, with a price of .5. All go to A first, but when A runs out they are forced 
to go to B. But this is not the end of it. 


‘Joseph Bertrand, “Theorie mathématiques de la richesse sociale,” Journal des savants (Paris, 
1883), pp. 499-508. 
IF, Y. Edgeworth, “La Teoria ura del monopolio,” Giornale degli economistic i5 (1897), 
pp. 13-31. The article was reprinted in English as “The Pure Theory of Monopoly,” in Edgeworth, 
Papers Relating to Political Economy (London: Macmillan, 1925) 1, pp. 111-42. 
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A's first price A's first quantity A's revenue 

0 400 0 
0.1 400 40 
0.2 400 80 
0.3 400 120 
0.4 400 160 
0.5 400 200 
0.6 400 240 
07 300 210 
0.8 200 160 
0.9 ° 100 90 

1 0 0 


Given that B charges P = .5, A is better off raising price. At P, = .49, A can 
attract all customers from B and earn .49(400) = $196. So A raises price. But 
now B does better by slightly undercutting A. 

And so it goes, price continually moving between $0.50 and $0.2785. The 
duopoly situation, according to Edgeworth, is unstable and indeterminate (in the 
same sense that the solution to the bilateral monopoly problem is indeterminate).* 


= in Oligopoly Markets: Chamberlin Solution 
2.6 


Chamberlin proposed a stable duopoly sclution that depends upon mutual recog- 
nition of market interdependence.’ Chamberlin’s case is exactly that of Cournot 
except for the final result (see Figure 13.2.2). DQ is the linear demand for 
mineral water. A first enters the market and sells OQ, units at price OP,, thereby 
reaping monopoly profit. B next enters the market. Seeing that A produces OQ, 
units, B regards CQ as the demand function. The best B can do is to market Q, Q, 
units. Price falls to OP, and total profit for both entrepreneurs is OQ, FP. 
The difference between Cournot and Chamberlin now arises. According to the 
latter, A will survey the market situation after B’s entry, recognize their mutual 
interdependence, and recognize also that sharing monopoly profit OQ, CP, is the 
best either of them can do. A consequently reduces output to OQ} = OQ,/2. 


"Edgeworth implicitly assumes that price differentials will not lead to arbitrage among consumers 
who buy at different prices. This is a highly questionable assumption, and it does not obtain in the 
Cournot model where the prices of the two firms are always the same. It is also worth noting that the 
oscillatory prices in Edgeworth’s model depend on the assumption of fixed capacity. If capacities were 
unlimited, the assumption by each firm that the rival will not cut price would lead to a bidding down 
of the price to zero. 


%E. H. Chamberlin, The Theory of Monopolistic Competition (Cambridge, Mass.: Harvard Uni- 
versity Press, 1933), pp. 46-51. An earlier model of stability in oligopolistic markets was provided 
by Harold Hoteiling, “Stability in Competition,” Economic Journal 39 (1929), pp. 41-57. 
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Figure 13.2.2 Chamberlin solution 
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B also recognizes the best solution, and therefore maintains output at 
Q.Q: = Qi Q, = OO,/2. Hence, total output is OQ,, price is OP,, and A and 
B share equally the monopoly profit OQ, CP,. 

This simply says that the best solution for all firms is to behave as if there 
were only one firm, charge the monopoly price, and split the proceeds among 
the rivals. 

There are two difficulties with this solution. The first is that in the absence of 
some form of collusion, each rival has an incentive to undercut price OP, and then 
to declare that he didn’t really mean i.. In the meanwhile, he earns a larger share 
of the profits. Second, this strategy leaves existing firms open to blackmail. For 
example, if a potential entrant recognizes that existing firms will be forced to 
share profits with it upon entry, it can threaten to enter unless the incumbents pay 
ransom. Jf they do not pay, the entrant receives 1/3 of the profits. If this were 
to continue, eventually no profit would be left for the original firm. 


Stabllity in Oligopoly Markets: Sweezy Solution 


Another model of stable oligopoly price that was at one time popular is the 
“kinked demand-curve hypothesis” of Sweezy," illustrated in Figure 13.2.3. 
Suppose the demand curve confronting an oligopolist is given by the “kinked” 


"paul Sweezy, “Demand under Conditions of Oligopoly,” Journal of Political Economy 47 
(1939), pp. 568-73. George Stigler has argued that the popularity of this model has dropped to zero 
among professional economists, and that it is therefore puzzling that the model continues to show up 
in current textbooks. Those readers who agree with Stigler (and Gould and Lazear are among them) 
can skip this section with no real loss, except possibly in the grade in the course they are taking. See 
G.J. Stigler, “The Literature of Economics: The Case of the Kinked, Oligopoly Demand Curve,” 
Economic Inquiry 16, no. 2 (April 1978), pp. 185-204. 
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Figure 13.2.3 Sweezy solution 


Price and cost (dollars) 


Quantity 


curve CEF. The slope of the curve changes drastically at the point E, correspond- 
ing to price OP. The kink in the demand curve causes a finite discontinuity in the 
marginal revenue curve, which is given by the dashed line CABD. CA is the 
Segment corresponding to the CE portion of the demand curve; BD corresponds 
to the less elastic EF segment. At point Æ, however, there is a finite discontinuity 
represented by the segment AB. 

The principal feature is the absolutely vertical section AB. Marginal cost can 
intersect marginal revenue at any point from A to B and nonetheless result in the 
same market price OP and sales OQ. For example, suppose initial cost condi- 
tions give rise to the plant represented by SAC; and SMC). SMC, intersects 
marginal revenue in the vertical segment AB, so price is OP. If costs rise appre- 
ciably, so that SAC, and SMC, now represent the plant operating costs, price does 
not change. Or going the other way around, cost could fall from SMC, to SMC, 
without affecting market equilibrium Price and quantity. Thus, according to 
Sweezy, oligopoly price tends to be very sticky, changing only infrequently and 
as the result of very significant changes in cost, "! 

The question on which the Sweezy thesis falls is why the kink occurs 
at a specific point E and remains there. One approach assumes that each en- 
irepreneur believes (a) competitors will not match a Price increase, so CE is 


"For a variety of views concerning oligopoly price, consult the Papers by Ackley, Alderson, 


_ Bailey, Baumol, Lanzillotti, Lerner, and Weston, in The Relationship of Prices to Economic Stability 


Committee (Washington, D.C.: Government Printing Office; 1958). For some recent research on 
related topics see the papers in Industrial Concentration: The New Learning, ed. H. Goldschmid, H. 
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relevant for price increases, but (b) they will match any price decreases, so the 
proportional market demand curve EF is relevant for price declines. This analysis 
explains how a kink occurs but it does not explain where. If one knows the 
equilibrium price (OP) one can rationalize it by means of the Sweezy hypothesis. 
But the purpose of price theory is to explain how the interaction of demand and 
cost establishes a unique price—quantity equilibrium. The kinked demand theory 
does not do this because market equilibrium is consistent with a wide variety of 
cost situations. The Sweezy thesis, accordingly, must be regarded as an ex post 
rationalization rather than as an ex ante explanation of market equilibrium. 

George Stigler challenged Sweezy’s theory on both theoretical and empirical 
grounds.” Stigler found in several industries with a small number of sellers 
(cigarettes, automobiles, anthracite, steel, dynamite, gasoline, and potash) that 
price increases by one firm were often followed by rival’s increases and that in 
potash a price decrease was not followed. In Stigler’s words: 


This indicates only that not every oligopoly has reason to believe 
that it has a kinky demand curve and most adherents of the theory 
would readily concede this. On the other hand, there are seven 
industries in which the existence of the kinky demand curve is 
questionable —a list which is longer by seven than the list of 
industries for which a prima facie case has been made for the 
existence of the kink.” 


Poaction Function and Stackelberg Leaders 
.2.e 


The Cournot model was criticized for its level of naivete. There, both firms were 
assumed to behave as if they took the other firm's output level as given, not 
recognizing that the second firm would react to the first firm's choices. There are 
some situations in which this assumption is valid. For example, as the number of 
firms in an industry increases, the amount by which they respond to the actions 
of any one firm may be trivial. But in other cases, it is useful to have a more 
sophisticated description of the behavioral process. 

To do this, it is useful to introduce the notion of “reaction functions.” Recall 
that in Figure 13.2.1, if firm A chose output Q;, then on the assumption that firm 
A would not change its output in response to firm B’s output, firm B would 
choose to produce Q, Q». 

Had A chosen to produce more than Q), say Ọ, then B would have chosen to 
produce some amount smaller than Q; Qz; in this case, (QQ)/2. The optimal 
output of B, given any output of A, can be graphed. Figure 13.2.4 presents that 
as curve BB’. It is read as follows: If A chooses to produce a, of output, then B 
will choose to produce b, of output if B is a Cournot duopolist. 


"George J. Stigler, “The Kinky Oligopoly Demand Curve and Rigid Prices,” Journal of Political 
Economy 55 (1947), pp. 432-49. 
Ibid., p. 441. 
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Figure 13.2.4 Reaction functions 
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Figure 13.2.5 A's reaction function 


B's output 


a’ a, A a’ aA 
A's output 7 A's output 


A similar curve reaction function can be drawn for firm A. A, acting as a 
Cournot duopolist, would take firm B’s output as given and choose to produce the 
amount that maximized A’s profits, subject to B’s chosen level of output. For 
example, if B had chosen to produce b, of Output, then A would choose to 
produce a, of output, assuming that B will not react to that choice. Thus, AA’ is 
firm A’s reaction function. 

The intersection of AA’ and BB’ describes the outcome of a Cournot equi- 
librium. (This is sometimes called a Cournot-Nash equilibrium after John Nash, 
who formalized these concepts.) It is the only point at which both A’s and B’s 
optimizing behavior is consistent. At point C, firm A chooses to produce a* of 
output. Firm B’s reaction function tells us that B would produce b* under those 
circumstances. Similarly, if B produces b* of output, then firm A chooses to 
produce a* of output, so choices are consistent. 

The reaction function construct makes it easy to consider more sophisticated 
behavior by firms. For example, suppose that firm B anticipates that A will react 
to B’s choices in exactly the way described by curve AA '. Then B can do better 
than behaving in the mechanical way described by BB'. By choosing an output 
level that B knows will induce A to produce at a level that B desires, B can 
increase profits. This can be shown diagrammatically, 

Figure 13.2.5 portrays this situation. Note that BB’ has been deleted from the 
picture, because it is now irrelevant. B can do better than to move along BB’ 
because. B now recognizes that B’s action induces a reaction by A. Point C is the 


` old Cournot-Nash equilibrium. 


Since B knows that A will react according to schedule AA’, B can simply 
examine that function and select the point on it that yields the highest profit to 
B. For example, B’s profit might’be higher at point § than at point C. In order 
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to induce A to produce a’, which is necessary to end up at S, B need only 
announce that it will produce b’. Given that A behaves according to AA’, a’ is 
chosen rather than a*. 

Firm B is said to be a “Stackelberg leader,” after Stackelberg (1952). Firm B 
leads because it recognizes that A follows in a particular pattern. As such, firm 
A is said to be a Stackelberg follower. Although B recognizes A’s reaction, A 
does not recognize B’s. This asymmetry may be disturbing, but before discussing 
it, let us consider a numerical example. 


Example 13.2.1: 
Suppose that the industry demand is as depicted in Figure 13.2.1 and that its 
algebraic representation is given by 

P=100-@ 
where P is price and Q is industry output. Q is the sum of output by firm A and 
firm B so 

Q=A+B 

If A and B are Cournot-Nash duopolists, their reaction functions can be 

derived algebraically."* They are 

A = 50 — B/2 for A 
and 

B = 50 — A/2 for B. 
The logic is that B takes A’s output as given, so B's demand curve is the residual 
after A has chosen output. For example, in Figure 13.2.1, if A chooses Q,, B’s 
demand curve is CQ. Output (Q,Q/2) maximizes B’s revenue. The equation 
B = 50.— A/2 is equivalent to producing 1/2(100 — A), which is the same as 
splitting Q, Q in two. k 


MA's problem is to choose A so as to maximize revenue: 


Rev, = PA 
= (100~ A — B)A 
= 100A — A? = BA. 


Differentiating with respect to A yields 
ð/ðA = 100 ~ 2A -B = 0 


A = 50 - B/2. 
This is A’s reaction function since it gives the optimal output for A for any given choice by B. 
Similarly, B's reaction function is 


B = 50 - A/2. 
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The reaction functions are drawn below (Figure 13.2.E.1). They intersect at 
point C and both A and B produce 33.33 units. Each has revenue of P(33.33) or 
of (100 — 66.67)33.33 = (33.33) = $1,111.11. 

If B recognizes that AA’ is A’s reaction function, then B can do better than 
point C. Table 13.2.E.1 shows all possibilities. 

As the table shows, B maximizes profit by selecting B = 50. This induces A 
to produce 25 and the situation is represented by S in Figure 13.2.E.1. Profits to 
B are $1,250. 

If A and B both behave as followers, then they end up at C and B only earns 
$1,111.11. 

The concept of a “leader” is an important one because it gives economists a 
simple way to mode! that agents take other’s reactions into account before making 
a decision. This is surely at the heart of many business decision processes. But 
the Stackelberg leader is a somewhat primitive version of more sophisticated 
concepts of reaction analysis. One major drawback is that one firm is assumed 
to be a leader and the other a follower. This kind of asymmetry is troublesome, 
although it is not without its application. For example, a new entrant may have 
more freedom of behavior than a firm that is already in the industry. It can enter 
with a scale of plant that best suits its needs, knowing that the other firm must 
adapt, given its current plant structure. Still, such examples may be rare. Game 
theory explores other behavior that does not require asymmetries. It is explored 
in more detail in the next section. 


Theory, of Games and Oligopoly Behavior 


For a time, one of the most exciting new developments in economic theory was 
John von Neumann and Oskar Morgenstern’s Theory of Games and Economic 
Behavior. It represents a unique approach to the analysis of business decisions; 
and these decisions make up the ultimate raw material with which economic 
theorists must work. 

The general object of game theory is to determine standards of rational behav- 
ior in situations in which the outcomes depend upon the actions of interdependent 
“players.” Indeed, von Neumann and Morgenstern had, as their purpose, “ . . . to 
find the mathematically complete principles which define ‘rational behavior’ for 
the participants in a social economy, and to derive from them the general charac- 
teristics of that behavior. . . . The immediate concept of a solution is plausibly a 
set of rules for each participant which tells him how to behave in every situation 
which may conceivably arise.” 


"John von Neumann and Oskar Morgenstern, Theory of Games and Economic Behavior 
(Princeton, N.J.: Princeton University Press, 1953). Even the nonmathematical student can read 
with profit pp. 1-45. 


"Ibid, p. 31. 
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Figure 13.2.E.1 More reaction functions S 


33.33 


B's output 


25 33.33 50 


A's output 


32 1,088 82 9 738 
34 1,122 84 8 672 
36 1,152 86 7 602 
38 1,178 88 6 528 
40 4,200 90 5 450 
42 1,218 92 4 368 
44 4,232 94 3 282 
46 1,242 96 2 192 
48 1,248 98 1 98 

100 0 0 
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Initially, it will be helpful not to restrict ourselves to an economic context. A 
“game” is any situation in which two or more people compete. Tennis and poker 
are good examples, but so also are Russian roulette and duopoly markets. For 
simplicity, we restrict our discussion to games\in which there are two par- 
ticipants, called “players.” Whatever data are initially available make up the 
“rules of the game,” such as the dimensions of a tennis court, the ranking of poker 
hands, exact specification of commodities, and so forth. In a game one assumes 
that all possible courses of action for each player are known. Each particular 
course of action is called a “strategy” which, by definition, is a complete speci- 
fication of the action to be taken by a player under every possible contingency in 
the playing of the game. Obviously, this information requirement is satisfied in 
few, if any, real world situations because each player must know the full set’of 
strategies available to every participant, including all opponents in the game. 

In certain cases the information required is even greater. In a wide variety of 
games (games of chance), the outcome is not known with certainty; it depends 
upon a chance variable. When chance enters the picture it is useful to assume 
perfect knowledge of the probability of each possible outcome corresponding to 
every possible combination of strategies by the players. The necessary informa- 
tion is readily available for the game of matching pennies; but in more interesting 
games such as bridge or duopoly the likelihood that the probabilities are known 
is negligible. Failing that, it generally suffices to assume that players know each 
others’ assessments of the relevant probabilities, even if those probabilities are 
inaccurate. 

The simplest class of games, and the only class to be discussed here, are 
“strictly adversary” games in which the possible outcomes are ranked in opposite 
order by the players. Among the games of this class the most prevalent are 
“constant-sum” games, which means that the sum of the winnings of the players 
is the same regardless of its distribution among participants. A market in which 
demand is completely inelastic is illustrative of constant-sum games. Finally, a 
special case of constant-sum games is the “zero-sum” game, perhaps best illus- 
trated by the game of matching pennies. Briefly, in a zero-sum game the winnings 
of one player are matched exactly by the losses of another. The constant to which 
the winnings sum, in other words, is zero. 

With these preliminaries out of the way let us turn to a constant-sum strictly 
adversary, “strictly determined” game. In this case the von Neumann~Morgenstern 
“minimax” solution is most readily explicable. Assume that player A can choose 
among three strategies (a, b, c) while player B has four possible strategies 
(a', b', c', d'). Any two-person, constant-sum game of this nature can be 
completely described by a payoff matrix, as represented in Table 13.2.2. 

A’s alternative strategies are listed in the stub column and B’s in the row stub. 
A’s payoff for each possible combination of strategies is given by an element in 
the matrix. For example, if A chooses: strategy c and B chooses strategy a’, A 
wins six. B wins the constant value of the game minus A's winnings. If the 
constant value is 20, B wins 14. In summary, each element e; in the matrix 
represents the amount obtained by A if he chooses the strategy corresponding to 
the ith row and B chooses the strategy corresponding to the jth column. 
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Table 13.2.2 Payoff matrix for a two-person, constant-sum game — 


d ke B's strategies 
strategies a' b' c' d' Row minima 
a 10 9 14 13 9 
b 11 8 4 15 4 
c 6 7 15 17 6 
Column maxima 11 9 15 17 9=9 


Initially, assume A is allowed to select first and chooses c. B, who selects 
next, would immediately choose a’ to maximize winnings, given the strategy 
adopted by A. On the other hand, suppose B chooses first and selects c’. A would 
choose strategy c to obtain maximum winnings for B’s chosen strategy. In 
actuality, with full knowledge assumed (each player knows the precise entries in 
the payoff matrix), the choices indicated above would never be made. 

A realizes that for any strategy (row) selected, B will select the strategy 
(column) which minimizes A’s winnings (or maximizes B’s return), Thus A is 
really interested in the row minima, shown in the last column of Table 13.2.2. 
A chooses strategy a because it guarantees the largest return. In all cases, A 
adopts the strategy that corresponds to the maximum of the row minima, the 
“maximin.” Similarly, B is only interested in the column maxima, or more 
precisely, in the constant sum minus the column maxima. B knows, for example, 
when selecting strategy a’, that A will choose strategy b. Hence, B’s return 
would be 20 — 11, or 9. Consequently, to assure the maximum payoff B selects 
the strategy corresponding to the minimum of the column maxima; the minimax. 

The strategy pair a, b’ is determined: A wins 9 and B wins 20 — 9, or 11. This _ 
game is strictly determined because each player selects and pursues a unique, 
pure strategy; when these two strategies are adopted, the maximum of the row 
minima equals the minimum of the column maxima. Neither player could pos- 
sibly accomplish more. 

The case of unique or “pure” strategies is an interesting one from the stand- 
point of economic theory. The more sophisticated treatments of duopoly using the 
older tools of analysis stress the importance of recognizing mutual inter- 
dependence. But in a strictly determined game this is irrelevant so long as each 
participant behaves rationally. So long as oneʻof the rivals pursues a minimax 
strategy the other will also find that a minimax strategy is optimal. Furthermore, 
advanced knowledge of the opponent’s strategy does not aid in determining one’s 
own plan of action. Thus the Chamberlin duopolist sets monopoly price. 

Unfortunately, both the more common games of chance and more general 
game theoretic models of economic behavior are not strictly determined. In 
essence this means that if pure strategies are selected by the participants, the 
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Figure 13.2.6 A nonstrictly determined game 


Table 13.2.3 Payoff matrix for a nonstrictly determined game 


3 
8 
1 


1 


Column maxima 27 23 20 20 # 18 


maximum value of the row minima is less than the minimum value of the column 
maxima. Such a game is illustrated by Figure 13.2.6 and Table 13.2.3." 

The diagram in Figure 13.2.6 represents a market in which demand is com- 
pletely inelastic. Twelve customers are located in the circular portion of the 
market and are numbered like hours on a clock. Additionally, at 5, 9, and 
12 o'clock there are branch markets containing 5, 9, and 12 buyers each. Each 
buyer purchases one unit of commodity per unit of time. There are two sellers, 
A and B, of a homogeneous commodity; they can choose among -three different 
locations: 3, 8, and 11 o'clock. Both may situate at the same location. Since the 
commodities are identical and we now assume zero transportation cost, price 
must be the same for each seller. Buyers purchase from the nearer seller, 


"This example is due to William Vickrey, “Theoretical Economics,” Part III-A (mimeograph 
manuscript). 
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Table 13.2.4 A nonstrictly determined game: matching pennies 


A's B's strategy 
- strategy Heads Tails Row minima 
Heads 1 i =f 
Tails =f 1 -1 
Column maxima 1 1 1# -1 


This market game is represented by the payoff matrix in Table 13.2.3. The 
entries show A’s sales per unit of time as a function of the locations (strategies) 
selected by A and B. The game has a constant value of 38 [= 12+ 
(5 + 9 + 12)]. B’s sale for any pair of strategies is found by subtracting A’s sales 
from the constant value of the game. 

Let us suppose A locates first and selects 11 o’clock. B will then locate at 
8 o’clock. With B established at 8 o'clock, A can increase sales from 18 to 23 
by relocating at 3 o'clock. But when A does so, B moves to 11 o'clock, captures 
the two larger branch markets, and A’s sales decline to 11 units. But with B at 
11 o'clock, A moves to 8 o'clock, expanding sales to 20 units. Then B moves to 
3 o'clock, A moves to'll o'clock, and we are right back where we started. The 
process of continuous relocation goes on because there is no unique minimax: the 
minimum of the column maxima exceeds the maximum of the row minima. As 
this game is constructed there is no unique stable solution. r j 

There is a way out of the impasse in many games, however. To illustrate, 
consider the game of matching pennies, represented by the payoff matrix in 
Table 13.2.4. A tries to match B; if so, A wins 1 cent, losing 1 cent-otherwise. 
As in the market game, the minimum of the column maxima exceeds the maxi- 
mum of the row minima. To this stage there is no formal equilibrium solution. 
Von Neumann and Morgenstern provided a solution, however, by introducing the 
concept of mixed strategies, defined as“. . . an assignment of probabilities to the 
feasible pure strategies in such manner that the sum of the probabilities is unity 
for each participant.”"* 

Since probability elements are now present in the analysis of a game, the 
object of each participant can no longer be stated as the maximization or 
minimization of a particular value. One must look to the expected value of the 
game, which is determined by performing two simple operations on the payoff 
matrix: (a) multiply each element in the matrix by the compound probability that 
it is selected and (b) sum these products for all elements in the payoff matrix. 

To illustrate further, let p; be the probability that A selects the strategy corre- 
sponding to the ith row. Similarly, gis the probability that B chooses the strategy 
corresponding to the jth column. Thus p,q; is the compound probability that the 


Yon Neumann and Morgenstem, Theory of Games and Economic Behavior, p. 145. 
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strategy pair i,j is selected. If a, is the associated element in the payoff matrix, 
step (a) above involves computing p,q, for all i and j. Step (b) simply requires 
summing, so the expected value of the game (P) is 


v = 3 È pqaj, 
where, by requirement, ‘ 
Pi = 9,420, ¥p=1, and g=. 


In the game of matching pennies, suppose each player chooses heads with 
probability one half. Thus each must also choose tails with probability one half. 
Consequently, the expected value of the game is 


Y = (1/2) (1/2) (1) + (1/2) (1/2) (=1) + (1/2) (1/2) (=1) 
+ (1/2) (1/2)(1) = 0. 


Von Neumann and Morgenstern showed that if mixed Strategies are allowed, 
every constant-sum game has a unique minimax solution. That such a minimax 
Strategy actually exists for the game of matching pennies can easily be shown. 
Compute the expected value of the game from A’s standpoint for all possible 
probability assignments by A, assuming B always selects the most advantageous 
probability combination, given A’s selection. As an example, try the following 
probabilities for A: one third heads, two thirds tails, Then B can set probabilities 
as nine tenths heads, one tenth tails. The expected value of the game is minus four 
fifteenths to A.” Assuming B always selects the best strategy, given A’s selec- 
tion, the maximum expected value of the game for A is zero, obtained when A 
sets probabilities one half heads, one half tails. Thus the optimal mixed Strategy 
for A is py = pr = 1/2. When A plays this strategy, the best B can do is set 
qu = qr = 1/2; the expected value of the game to B is also zero. 

In contrast to strictly determined games, advanced knowledge of the op- 
ponent’s plans is very important in games requiring mixed Strategies for a 
minimax solution. As von Neumann and Morgenstern wrote: 


It constitutes a definite disadvantage for each player to have his 
intentions found out by his opponent. Thus one important 
consideration for a player in such a game is to protect himself 
against having his intentions found out by his opponent. Playing 
several different strategies at random, so that only their 
probabilities are determined, is a very effective way to achieve a 
degree of such protection: By this device, the opponent cannot 
possibly find out what the player's strategy is going to be, since 
the player does not know it himself. Ignorance is obviously a very 
good safeguard against disclosing information directly or indirectly. 


"The probabilities for B were limited to small numbers. B can gain more by setting the proba- 
bilities of heads closer to unity. In the limit, given A’s choice of one third heads, two thirds tails, B 
can gain one third (that is, the expected value of the game to A is minus one third). More generally, 
if A sets probability py < pr, B always wins by setting probabilities g, = 1, qr = 0. If A sets 
probabilities py > pr, B always wins by setting qu = 0, gy = 1. 
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In other words, the best way of deciding whether to show heads or tails is to 
flip a coin and let the toss decide 

Having sketched the outlines of game theory, we can now turn to some more 
general considerations, The heart of game theory is the minimax principle: and 
there are numerous criticisms of applying this principle to decision making in 
economics and business. Essentially, the minimax principle requires the player to 
choose a strategy under the assumption that the rival player always takes the least 
desirable course of action from the former’s standpoint. Slightly less precisely, 
the minimax principle requires the player (or entrepreneur) to adopt the plan of 
action that will make the best of the worst possible situation. But this plan of 
action will not be the best if the worst possible situation does not arise. It does 
not allow the entrepreneur to exploit favorable changes in the market or, in any 
sense, to be “dynamic.” s 

Many economists believe the minimax principle is an unnecessarily conserva- 
tive standard. Furthermore, it is frequently asserted that minimax strategy is not 
compatible with the dominant entrepreneurial psychology. The object of most 
entrepreneurs is not to make the best of a bad situation. Indeed, it appears that 
many entrepreneurs attempt to maximize their objective under the assumption 
that very favorable conditions will prevail. And, of course, they generally expend 
considerable effort to influence the market so as to make the assumption correct. 

Most economic situations are not well illustrated by constant-sum games. In 
fact, it is the essence of economics that there are gains from trade. The seller's 
gain is not the buyer's loss. In order to analyze these situations, nonzero-sum 
games must be introduced. One simple nonzero-sum game, called the “prisoner's 
dilemma,” is often used to describe the problem of duopoly. 

The prisoner's dilemma comes from the following, somewhat gruesome tale. 
Two prisoners, A and B, are confronted with a decision: Each must declare 
innocence or guilt, but the payoff matrix in Table 13.2.5 is relevant. It is inter- 
preted as follows: If A pleads quilty and B pleads guilty, then both receive 
sentences of three years imprisonment (northwest corner). If both A and B 
declare innocence, both are executed (southeast corner). If A declares innocence 
and B admits guilt, A goes free and B is executed. If B declares innocence and 
A admits guilt, B goes free and A is executed. 

The dilemma is that although both would like to agree to admit guilt, that is 
not an equilibrium strategy. In fact there is no way to avoid the execution of both 
prisoners. Here is why: 

Mr. A sits in his cell with the paper on which he must write the word 
“innocent” or “guilty.” He thinks to himself: “I do not know what B wrote. 
Suppose that B wrote guilty. Then my choice is clear. If I declare innocence, I 
go free. If B wrote innocent, then I will be executed in either case. Therefore, 
I might as well declare innocence on the (slim) hope that B wrote guilty.” Of 
course, Mr. B goes through the same process and also declares his innocence. The 
equilibrium is the southeast corner, where both prisoners are executed. 

There is a way around this, but it requires an outside enforcer. If, for example, 
A and B can pay the jailer in advance to shoot either one at the instance that he 
starts to write the word “innocent” on paper, then the structure is changed. Now, 
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13.3 


Ae B's strategies 
strateg! > 


ies Guilty Innocent 
Guilty 3 years for A executed 
both B free 
Innocent B executed Both 
A free executed 


neither party has any incentive to declare innocence and the equilibrium, with the 
assistance. of the jailer, is the northwest corner. 

Examples of using third parties to eliminate opportunistic behavior exist in the 
antitrust literature and are discussed below. A more colorful example involves a 
crew of boatsmen who collectively hired a taskmaster, paying him to whip any 
shirkers, In the absence of the outside enforcement, each rower had an incentive 
to slack off, letting someone else do the rowing. If ali thought that way, the boat 
would have moved much more slowly and the boatsmen could not collect as large 
a fee. The taskmaster prevents that situation from arising. 


S 


ME “MARKET” SOLUTIONS TO THE DUOPOLY PROBLEM 


The classical treatments of duopoly, with the possible exception of Chamberlin’s, 
are based upon the assumption that entrepreneurs act independently of one an- 
other even though they are interdependent in the market. We turn now to some 
theories based upon explicit or implicit collusion among firms. 


Cartels and Profit Maximization 
13.3.a 


A cartel isa combination of firms whose object is to limit the scope of com- 
petitive forces within a market. It may take the form of open collusion, the 
member firms entering into an enforceable contract pertaining to price and pos- 
sibly other market variables. This is perhaps best illustrated by the German 
Kartelle; but the NRA codes of our Great Depression years fall into this cate- 
gory as well. On the other hand, a cartel may be formed by secret collusion 
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among sellers; many examples of this exist in American economic history. Most 
tend to date to the early years of the 20th century.” 

The cases of open and secret collusion offer the best examples of cartels. 
However, in a broad sense, trade associations, professional organizations, and the 
like perform many functions usually associated with a cartel. 

Of the wide variety of services a cartel may perform for its members, two are 
of central importance: price fixing and market sharing. In this section, we will 
examine price fixing in an “ideal” cartel. : 

Suppose à group of firms producing a homogeneous commodity forms a 
cartel. A central management body is appointed, its function being to determine 
the uniform cartel price. The task, in theory, is relatively simple, as illustrated by 
Figure 13.3.1. Market demand for the homogeneous commodity is given by 
DD’, so marginal revenue is given by the dashed line MR. The cartel marginal 
cost curve must be determined by the management body. If all firms in the cartel 
purchase all inputs in perfectly competitive markets, the cartel marginal cost 
curve (MC, is simply the horizontal sum of the component marginal cost curves 
of the member firms. Otherwise, allowance must be made for the increase in 
input price accompanying an increase in input usage; MC, will stand further to 
the left than it would if all input markets were perfectly competitive. 

In either case the management group determines cartel marginal cost, MC.. 
The problem is the simple one of determining the price that maximizes cartel 
profit—the monopoly price. From Figure 13.3.1 marginal cost and marginal 
revenue intersect at the level OA; thus the market price OP is the one the cartel 
management will establish. Given the demand curve DD ', buyers will purchase 
OQ units from the members of the cartel. The second important problem con- 
fronting the cartel management is how to distribute the total sales of OO units 
among the member firms. 


Cartels and Market Sharing 
13.3.b 


Fundamentally there are two methods of sales allocation: non-price competition 
tand quotas. The former is usually associated with “loose” cartels. A uniform 
price is fixed, and each firm is allowed to sell all it can at that price. The only 


2A a matter of fact, government prosecution of collusive price-fixing activities in violation of 
Section 1 of the Sherman Antitrust Act are filed regularly. 

In fiscal 1970, the Antitrust Division filed 19 price-fixing cases and 23 in the preceding fiscal 
year. It should be noted that vertical price-fixing agreements, that is, those agreements not exempt 
from prosecution under Fair Trade exemptions, constituted about 75 percent of those cases filed in 
1970 and roughly 40 percent of those filed in 1969. 

The Federal Trade Commission, under Section 5 of the Federal Trade Commission Act, may file 
civil suits against price-fixing conspirators, However, this would be rare since under present liaison 
arrangements with the Antitrust Division all hard-core price-fixing cases, of the type discussed in this 
subsection are prosecuted by the Antitrust Division. 

Mr, William J. Curran provided helpful advice regarding this point. 
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Figure 13.3.1 Cartel profit maximization 


Price and cost (dollars) 


Quantity 


The so-called fair-trade laws of many states establish loose, but very legal, 


several variants. Indeed, there is no uniform Principle by which quotas can be 
determined. In practice, the bargaining ability of a firm’s Tepresentative and the 
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The second popular basis for the quota system is geographical division of 
the market. Some of the more dramatic illustrations involve international mar- 
kets. For example, an agreement between Du Pont and Imperial Chemicals 
divided the market for certain products so that the former had exclusive sales 
rights in North and Central America (except for British possessions) and the lat- 
ter had exclusive rights in the British Empire and Egypt. Another example is 
an agreement between the American company Rohm and Haas and its German 
counterpart Roehm und Haas. The former.was given exclusive rights in North, 
Central and South America, and in Australia, New Zealand, and Japan; the 
latter was given Europe and Asia, except for Japan. The illustrations can be 
multiplied many times over, but these should serve to indicate the quota by 
geographical division. 

While quota agreement is quite difficult in practice, in theory some guidelines 
can be laid down. Consider the “ideal” cartel represented by Figure 13.3.1. A 
reasonable criterion for the management group would be “minimize total cartel 
cost.” This is identical with the short-run problem of allocating monopoly output 
among plants in a multiplant monopoly (see Figure 10.4.6). Minimum cartel cost 
is achieved when each firm produces the rate of output for which its marginal cost 
equals the common value of cartel marginal cost and marginal revenue. Thus 
each firm would produce the amount for which its marginal cost equals OA 
(Figure 13.3.1); by the summing process to obtain MC., total cartel output will 
be OQ. The difficulty involved with this method is that the lower-cost firm 
obtains the bulk of the market and the bulk of profits. To make this method of 
allocation acceptable to all members, a profit-sharing system more or less inde- 
pendent of sales quotas must be devised. 

In certain cases the member firms may be able to agree upon the share of the 
market each is to have. This is illustrated in Figure 13.3.2 for an “ideal” situation. 
Suppose only two firms are in the market and they decide to divide the market 
evenly. The market demand curve is DD '. so the half-share curve for each firm 
is Dd. The curve marginal to Dd is the dashed line MR, the half-share marginal 
revenue for each firm. Suppose each firm has identical costs, represented by 
SACand SMC. Each will decide to produce OQ units with price OP, correspond- 
ing to the intersection of marginal revenue and marginal cost. A uniform price of 
OP is established and OQ, = 200 units are supplied. This happens, in our 
special case, to be a tenable solution because the market demand curve is consis- 
tent with the sale of OQ. units at the price OP. 

To see this, let us go the other way around. Suppose a cartel management 
group is formed and given the task of maximizing cartel profit. With the demand 
curve DD’, the management group views Dd as marginal revenue. Next, sum- 
ming the identical SMC curves it obtains cartel marginal cost MC...” The inter- 
section of cartel marginal cost and cartel marginal revenue occurs at the level OF, 
corresponding to output OQ. and price OP. The same is true for the individual 


2'The problem, of course, will be more complicated if input prices vary with input usage. In 
this case, the cartel marginal cost cannot be directly obtained by summing the members’ marginal 


cost curves, 
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Figure 13.3.2 Ideal market sharing in a cartel 


Price and cost (dollars) 


Quantity 


firms, so the firms’ decision to share the market equally is consistent with the 
objective market conditions. But this is a rare condition; cost differences between 
the firms would have created a situation inconsistent with market conditions and 
the voluntary market-sharing agreement would have collapsed. That, as we shall 
see, is what is most likely to happen to cartels anyhow, 


Toot and Turbulent Life of Cartels — The Great Electrical Conspiracy 
.3.c 


Unless backed by strong legal provisions, cartels are very likely to collapse from 
internal pressure (before being found out by the Antitrust Division of the De- 
partment of Justice). A few large, geographically concentrated firms producing 
a homogeneous commodity may form a very successful cartel and maintain it. 
But the greater the number of firms, the greater the scope for product differ- 
entiation, and the greater the geographical dispersion of firms, the easier it is to 
“cheat” on the cartel’s policy. Enterprising entrepreneurs will discover what they 
believe to be ingenious methods of cheating. 

The typical cartel as a functioning organization is characterized by high (per- 
haps monopoly) price, relatively low output, and a distribution of sales among 
firms such that each firm operates at an output less than that at which unit cost 
is minimized. In this situation any one firm can profit greatly from secret price 
concessions. Indeed, with homogeneous products, a firm offering price conces- 
sions can capture as much of the market as it desires, providing the other 
members adhere to the cartel’s price policy. Thus secret price concessions do not 
have to be extensive before the obedient members experience a marked decline 
in sales. Recognizing that one or more members are cheating, the formerly 
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obedient members must themselves reduce price in order to remain viable. The 
cartel accordingly collapses. Without effective legal sanctions, the life of a cartel 
is likely to be brief. 

One of the most notorious examples of a market-sharing cartel occurred in 
the electrical equipment industry be ween 1950 and the eariy 1960s when it 
was finally broken up by the federal government. During the days of the Office 
of Price Administration, major suppliers of electrical switchgear began to get 
together to decide pricing strategies. After the abolishment of the OPA, the 
electrical equipment suppliers continued to meet regularly, if secretly, at the 
Penn-Sheraton Hotel in Pittsburgh. Between 1951 and 1958 the cartel split 
$75 million of annual sales in electrical switchgear by agreeing in advance which 
company would be the “low” bidder on upcoming contracts. In 1951 the market 
was split as follows: General Electric, 45 percent; Westinghouse, 35 percent; 
Allis-Chalmers, 10 percent; and Federal Pacific, 10 percent. There was constant 
chiseling among the cartel members especially on sealed bid business where 
policing was difficult. In 1954-55 there was a severe breakdown of the cartel 
known as the “white sale” when prices were discounted by 40 to 45 percent in 
a very short period of time. The cartel was reconstituted in 1956; but within about 
a year, Westinghouse gave one customer, Florida Power and Light Company, a 
price break on circuit breakers by hiding the discount in its transformer order. 
This triggered another breakdown of the cartel, and between 1957 and 1958 prices 
dropped by 60 percent. When the cartel was reformed in 1958, the entry of 
ITE resulted in a new sharing agreement: General Electric, 40.3 percent; 
Westinghouse, 31.3 percent; Allis-Chalmers, 8.8 percent; Federal Pacific, 15.6 
percent; and ITE, 4 percent. The fascinating history of this cartel is strewn with 
episodes of breakdowns in its agreements and devious schemes of cartel members 
to capture business in violation of the cartel rules,” 

The breakdown of cartels results because the payoff structure to the game of 
collusion is that of a prisoner’s dilemma. If A and B are two firms that are 
attempting to collude, then the payoff structure might be represented by 
Table 13.3.1. ` x 


Table 13.3.1 Pricing Strategies 


B's strategies 


A’s Maintain Cut 
strategies price price 
Maintain 
price A=5 A=0 
B=5 B=9 
Cut price A=9 A=0 
B=0 B=0 


*Richard Austin Smith has detailed the history of this cartel in “The Incredible Electrical 
Conspiracy,” Fortune 63 (April and May 1961), pp. 132 ff. (April) and pp. 161 ff. (May). 
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The table is read as before. If both A and B hold price at its monopoly level, 
then each receives profits of 5. If both cut price, then competition prevails and 
no profits are made by either. If B cuts price while A maintains the agreed-upon 
price, all buyers go to B and A sells nothing. There B receives 9 (not 10, because 
of the price cut) and A receives 0. Conversely, if A cuts and B holds, A receives 
9 and B receives 0. 

This payoff matrix has the same structure as that of Table 13.2.5. As such, 
each player has an incentive to cut price. The equilibrium is the southeast corner, 
which illustrates why cartels tend to break down. 

What is required is an outside enforcer. If there were a way that these firms 
could penalize one another for price cutting, then the equilibrium would move to 
the northwest corner and both would be better off. 

Many have argued that the Interstate Commerce Commission’of the federal 
government used to perform this function for the trucking industry. Trucking is 
inherently competitive. In order to maintain a monopoly price, the industry saw 
to it that their prices were regulated by the government, preventing any firm from 
acting as a price cutter. Rather than keeping prices low for consumers, the price 
was kept artificially high by the government. The government acted as outside 
enforcer. Deregulation has borne the argument out, at least for some segments of 
the trucking industry. 


Price Leadership in Ol 
13.3.4 aye! 


Another type of market solution of the oligopoly problem is price leadership by 
one or a few firms. This solution does not require open collusion but the firms 
must tacitly agree to the solution. Price leadership has in fact been quite common 
in certain industries. For example, Clair Wilcox lists, among others, the follow- 
ing industries as characterized by price leadership: nonferrous alloys, steel, 
agricultural implements, and newsprint.” Similarly, in their interview study, 
Kaplan, Dirlam, and Lanzillotti found that Goodyear Tire and Rubber, National 
Steel, Gulf Oil, and Kroger Grocery follow the price leadership of other firms in 
the market.” 

To introduce the price-leadership model, consider the simple illustration in 
Figure 13.3.3 an extension of the market-sharing cartel model of Figure 13.3.2. 
Two firms produce a homogeneous commodity whose market demand is given by 
DD". By either explicit collusion or tacit agreement the firms decide to split the 
market evenly. Thus each views dd’ as its demand curve and MR as its marginal 


*Clair Wilcox, Competition and Monopoly in American Industry, Temporary National Economic 
Some, Monograph No. 21 (Washington, D.C.: Government Printing Office, 1940), 
pp. 121-32, 


“A. D. H. Kaplan, Joel B. Dirlam, and Robert F. Lanzillotti, Pricing in Big Business (Washing- 
ton, D.C.: Brookings Institution, 1958), pp. 201-7. 
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Figure 13.3.3 Price leadership by the lower-cost firm 


Price and cost (dollars) 


Quantity 


revenue curve. In this case, however, the costs of the two producers are different; 
firm 1 has substantially higher costs than firm 2, as shown by SAC, — SMC, and 
SAC, — SMC, respectively. 

Other things equal, firm 1 would like to charge OP, per unit, selling OQ, 
units. This price—output constellation would lead to maximum profit for firm 1; 
but firm 2 can do much better since its marginal cost is substantially below its 
marginal revenue at this point. In this situation, firm 2 has an effective control. 
Being a lower-cost producer, firm 2 can set the lower price OP, that maximizes 
its profit. Firm 1 has no choice but to follow; if it tries to retain OP, its sales will 
be zero. Hence, the higher-cost firm must be content to accept the price decision 
of the lower-cost firm. : 

The particular solution shown here is not a very likely one. If this situation 
existed in a market, firm 2 would hardly agree, tacitly or otherwise, to split the 
market evenly. But given the antitrust laws in the United States, it would not drive 

The particular solution shown here is not a very likely one. If this situation 
existed in a market, firm 2 would herdly agree, tacitly or otherwise, to split the 
market evenly. But given the antitrust laws in the United States, it would not drive 
firm 1 out of the market. Firm 2 has the power to do so. By setting a price such 
as OP,, it can earn a pure profit and ultimately drive firm 1 out of the market. 
But then it would face the legal problems of monopoly. A better solution, from 
the viewpoint of the lower-cost firm, is to tolerate a “competitor.” Thus, while 
not sharing the market equally, as in this illustration, firm 2 would nevertheless 

“set a price high enough for firm 1 to remain in the market. 

A much more typical example of price leadership is illustrated by 

Figure 13.3.4. The model is a somewhat exaggerated representation of a situation 
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Figure 13.3.4 Price leadership by the dominant firm 


Price and cost (dollars) 


Quantity 


which, some say, exists in several American industries. There is one (or a small 
number of) dominant firm(s) and numerous small ones. As shown by the mar- 
ginal cost curves in Figure 13.3.4, the dominant firm is almost as large as al] the 
small firms combined. 

The dominant firm could possibly eliminate all its rivals by a price war. But 
this would establish a monopoly with its attendant legal problems. A more desir- 
able course of action for the dominant firm is to establish the market price and let 
the small firms sell all they wish at that price. The small firms, recognizing their 
position, will behave just as perfectly competitive firms. That is, they will regard 
their demand curve as a horizontal line at the prevailing price and sell that amount 
for which marginal cost equals price. Notice, this does not entail the long-run 
zero profit solution because price may be set far above (minimum) unit cost. 

The problem confronting the dominant firm is to determine the price that will 
maximize its profit while allowing the small firms to sell all they wish at that 
price. To do this it is necessary to find the demand curve for the dominant firm. 
Suppose DD ' is the market demand curve and MC; is the horizontal summation 
of the marginal cost curves of the small firms. Since the small firms equate 
marginal cost and price, MC; is also the collective supply curve of the small 
firms.” 

First, suppose the dominant firm sets the price OP,. The small firms would seH 
PC units, exactly the market quantity demanded. Hence, sales by the dominant 


“Again, for simplicity, we ignore the problem created by rising input prices. In principle, the 
solution is determinate if input prices rise as input usage increases; however, the case cannot be 
analyzed graphically. 
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firm would be zero, and P, would be a point on its demand curve. If price OP, 
were set by the dominant firm, the small firms would sell P;R units and the 
dominant firm would sell RE = P,S units; thus Sis also a point on its demand 
curve. Finally, suppose the price were set at OP;. The small firms would sell P, T 
units and the dominant firm TF = P3d units. For a price below OP;, only the 
dominant firm would sell. Hence, its demand curve is P\dFD', and its marginal 
revenue is given by the dashed line MR. 

Equating marginal revenue and marginal cost (MCp), the dominant firm sets 
the price OP and sells OQ, units. At this price the small firms sell OOs units; 
and by construction of the demand curve PidFD', OQ, + OQ; must equal OO, 
the total quantity sold at price OP. 

Many variations of this basic price-leadership model can be constructed by 
changing the assumptions. One may allow for two or more dominant firms, for 
product differentiation, for geographically separated sellers and transportation 
cost, and so on. Nonetheless, the basic results are much the same; and they may 
help to explain price—output policies in a variety of oligopoly markets. 


COMPETITION IN OLIGOPOLY MARKETS 


Non-price competition is an essential feature of oligopolistic markets. Perhaps the 
most important technique of non-price competition is advertising. In the United 
States, and increasingly in European countries, advertising is the uniformly most 
accepted and acgeptable method of attracting customers, at least to entrepreneurs 
if not to economists. The “pros and cons” of advertising expenditure have been 
argued at length; the argument is likely to continue because the question at stake 
is a moot one. But for good or not, advertising is an established practice that is 
presumably considered worthwhile by entrepreneurs; otherwise they would not 
continue to spend billions of dollars annually on this type of non-price com- 
petition.” 5 

~ The major plus for advertising is that it informs consumers of a product’s 
existence and uses. More information is generally (although not always) a good 
thing. The minus is that much of advertising may go merely to move a buyer from 
one seller to another. If all sellers advertised equally effectively, there would be 
no net movement, but society would have wasted valuable resources in the effort 
to attract other firms’ customers. 

Another important type of non-price competition consists in creating bona fide 
(but sometimes spurious) quality differentials among products. The general effect 
of quality differentiation is to divide a broad market into a group of submarkets 
among which there is usually a relatively large price differential. The automobile 


%The reader should be careful not to fall into the trap of assuming that advertising implies 
oligopolistic structure of the industry. Advertising can be viewed as consistent with competition in 
many respects. See L. G. Telser, “Advertising and Competition,” Journal of Political Economy 72 
(December 1964), pp. 537-62; and P. Nelson, “Information and Consumer Behavior,” Journa! of 
Political Economy 78 (March-April 1970), pp. 311-29. 
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WEREARE EFFECTS OF OLIGOPOLY 


market offers a good example. There are definite, physically specifiable differ- 
ences between a Ford Escort and the Ford Motor Company’s Continental. There 
is also a substantial price difference; no one buyer is likely to be a potential 
customer in both markets, except perhaps for automobiles to perform two funda- 
mentally different services (family car and business runabout). 

Ford is not alone in creating quality differentials, however. General Motors 
and Chrysler do the same; and they engage in active non-price competition within 
each of the submarkets. Further, the automobile market example brings to light 
a social criticism of quality competition. Too many quality differentials may be 
created so that items supposedly in one class overlap with items in another. Thus 
within the broad market not only is there competition to create new quality classes 
and gain the competitive edge of being the first in the market; there is also 
competition within quality classes. 

Finally, a third major technique of non-price competition is design differences. 
This type could also be illustrated by the automobile market; but the market for 
golf clubs serves just as well. MacGregor, Wilson, Spaulding, and other produc- 
ers now “change models” annually, just as do the automobile manufacturers. 
They also create (possibly spurious) quality differentials between sporting-goods 
stores and pro shops. But within, say the pro-shop market, the competition 
among companies is strictly a matter of club design. 

These three types of non-price competition far from exhaust the possible 
methods, but they do illustrate the ways in which entrepreneurs can spend re- 
sources in an effort to attract customers to their particular “brands.” 


T e 


Since there are many models of oligopoly behavior, each predicting somewhat 
different results, it is impossible to be precise about the welfare effects of 
oligopolistic market organization. Furthermore, any set of static welfare criteria 
one applies to the situation may be relatively insignificant in a dynamic context. 
Nonetheless, a few things may be said. 

First, whatever the model, two characteristics common to all oligopoly mar- 
kets can be isolated. Firms in an oligopoly presumably produce their output at the 
minimum attainable unit cost. But there is no reason to believe their output 
uniquely corresponds to minimum long-run unit cost. Hence oligopoly or- 
ganization requires more units of resources per unit of commodity produced than 
absolutely necessary. Furthermore, since pure economic profit normally accom- 
panies oligopolistic market organization, price is higher than both unit and mar- 
ginal cost. In whatever equilibrium is reached, the marginal valuation of buyers 
is greater than the marginal cost of output. If the commodity were priced at either 
marginal or average cost, buyers would like to purchase more than producers 
would be willing to sell. 

A second consideration is also important. Already mentioned is that vast 
amounts of resources are devoted to advertising and to creating quality and design 


Part Three Theory of the Firm and Market Organization 


differentials. The allocation of some resources for these purposes is doubtless 
justifiable. For example, to the extent that advertising merely reports price and 
seller location, it helps keep buyers better informed. Similarly, certain quality and 
design differentials may be socially desirable. Nonetheless, there is a strong 
presumption (based upon purely empirical grounds) that oligopolists push all 
forms of non-price competition beyond the socially desirable limits. In absence 
of evidence to the contrary, it is reasonable to conclude that buyers in oligopoly 
markets would be better off if there were more active price competition and less 
non-price competition. 


see AND DYNAMIC EFFICIENCY 


The welfare criteria discussed in the last section are inherently static. But there 
is another issue that is dynamic, that is, it relates to the way that industry and cost 
conditions change over time. 

Some have argued that monopolistic firms have more incentive to innovate, 
to invest in R&D technology than competitive firms. The argument goes like this: 

Suppose that a firm is considering undertaking an investment that produces 
some new product, say a light bulb that never burns out. Once that light bulb is 
invented, it pays to have it marketed competitively. Any monopolistic restriction 
of output results in inefficiency because consumers are willing to pay more than 
the cost of producing an additional bulb. 

The problem arises because if the firm knows that the good will be sold 
competitively, it also knows that price will fall such that all other firms selling 
the bulb earn zero profits. This means that the firm that invented the bulb will 
never recoup the cost of the investment. Anticipating this development, the firm 
is reluctant to invest in the first place. 

If the investing firm knows that it will face monopolistic conditions, say 
because of the granting of a patent, then it has an incentive to spend resources 
inventing the new bulb. It will bear the costs, but capture the returns to the R&D 
activity.” 

To the extent that oligopoly is closer to monopoly than is competition, oli- 
gopoly provides more incentive to innovate than a perfectly competitive environ- 
ment. Some have even gone so far as to argue that oligopoly, because of its 
constant implicit rivalry, encourages more investment in R&D than monopoly. 
The logic is that the oligopolistic firm that succeeds in inventing a better mouse- 
trap may monopolize the industry as its prize. Still, it is difficult to understand 
why this would ever yield larger incentives to innovate than pure monopoly. 


27As it turns out, even a pure monopolist does not invest enough in R&D. The ability to price 
discriminate perfectly would correct this situation. Otherwise, there are untapped rents that would 
justify additional expenditures on research, that cannot be captured. 
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m Oligopoly refers to a form of market organization typically characterized 


by a small number of sellers, each of whom consciously takes into 
consideration the actions and reactions of rival sellers when making price 
and output decisions. Duopoly is a special case involving exactly two 
sellers. Classical theories of duopoly, especially those of Cournot and 
Edgeworth, are primarily of historical interest. These early models are 
flawed by the assumption that each seller persistently fails to anticipate the 
rival seller's behavior, even after observing this behavior over long periods 
of time. 

A more recent approach to oligopoly theory, the theory of games, was 
developed by von Neumann and Morgenstern in the late 1940s. In this 
theory, each participant in the game chooses a maximizing strategy while 
specifically recognizing that the other participant(s) will also behave in an 
optimal manner. Solutions to such games involve “minimax” strategies in 
which each participant, in effect, tries to get the largest payoff that is 
possible, given the rational behavior of opposing players. In many cases, 
this requires players to choose a probabilistic strategy that maximizes the 
expected payoff from playing the game. This approach has. many 
advantages over the classical theories but has not as yet provided the basis 
for a definitive, widely accepted theory of oligopolistic behavior. 

Formal agreements, or cartels, are one way in which sellers have dealt 
with the oligopoly problem. Cartels typically involve market-sharing 
arrangements taking the form of non-price competition and/or cartel 
member output and sales quotas. The historical record indicates that, in 
the absence of strong legal provisions, cartels tend to break apart because 
of secret price chiseling by the firms in the cartel. This chiseling behavior 
is predicted by economic theory, because each firm in the cartel stands to 
gain by secretly cutting price while the other cartel members maintain the 
agreed-upon price. 

Another type of market solution of the oligopoly problem is price 
leadership by one or a few firms. In the dominant-firm model, one firm 
sets price and all other firms take this price in making their output 
decisions. Thus, the dominant firm faces a “residual” demand curve, 
which is the total market demand less the quantity Supplied by the other 
firms at each price. The dominant firm sets the industry price by choosing 
its output to maximize its profits, using its marginal cost curve and the 
marginal revenue curve from the “residual” demand curve. There are 
many variations on this basic model. In the version known as the 
“barometric firm” model, the price-setting firm need not be dominant in 
terms of its relative size—it may simply be a firm that is traditionally 
accepted as the price leader by all firms in the industry. 
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QUESTIONS AND EXERCISES 


1. Assume that the skilled laborers in a competitive industry are represented by a 
strong union that is able to fix the wage at its monopoly level. Also assume that 
the firms are effectively prevented from colluding by strong antitrust laws, but 
unions are free to collude. 

a. Is it in the interest of the firms to have the union enforce an output restriction 
on behalf of the employers, assuming that the union would not change the 
wage rate for skilled labor or otherwise make new demands on the firms? 

b. Would the above output restriction be in the union's interest? 

c. If your answer to (a) is yes and to (b) is no, could the firms make the output 
restriction attractive both to themselves and the union by offering a higher 

X wage? 

d. If your answer to (c) is no, is there any arrangement that would make output 
restriction mutually beneficial? 

2. Explain the nature of the harm, if any, done to the efficiency of the economy when 
the firms in an industry: 

a. Organize to prevent other firms from entering the industry. 

b. Agree to charge a uniform price. 

c. Restrict the output of the firms so as to increase the total profit earned by all 
firms together. 

d. Sell all their output through a cooperative selling agency. 

_ e. Establish different selling prices for two different markets. 

3. Discuss the following statement: “In oligopoly there is a tendency toward the 
maximization of aggregate industry profits. . . . But this tendency is counteracted by 
other forces” (Fellner, Competition among the Few, p. 142). 

4. “The problem of bilateral monopoly is obviously one of negotiating and bargaining 
in order to reach an agreement between certain limits of feasibility. . . . [it] is useful 
to consider the oligopoly problem as being ‘essentially’ of this character” (Fellner, 
Competition among the Few, p. 23). - 
a. What are the aspects of oligopoly behavior that Fellner views as equivalent to 

“negotiating and bargaining”? 

b. Why is such behavior to be expected in an oligopoly situation? 

5. Assume that the bituminous coal industry is a competitive industry and that it is in 
long-run equilibrium. Now assume that the firms in the industry form a cartel. 

a. What will happen to the equilibrium output and price of coal, and why? 

b. How should the output be distributed among the individual firms? 

c. After the cartel is operating, are there incentives for the individual firms to 
cheat?’ Why? ° 

d. Does the possibility of entry by other firms make a difference in the behavior 
of the cartel? 
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4 Theory of Distribution 


Parts 1 and 3, together with the tools developed in Part 2, present the modern 
or neoclassical theory of value—a theory explaining the origin of demand, 
supply, and market price. It is hoped that the market price so determined 
represents the marginal social valuation of the commodity. If so, some 
theoretical statements concerning economic welfare can be made (Part 5). 

A central part of this theory of value is the marginal cost of production and 
its possible reflection in the supply curve. Costs and supply, in turn, depend 
on the technological conditions of production and the cost of productive 
services. So far we have assumed that both are given; and we will continue to 
assume that the physical conditions of production are technologically given 
and do not change over the time period relevant to our analysis. But now we 
must determine the prices of productive services, the distribution half of 
“Value and Distribution,” or modern microeconomic theory. The theories of 
value and distribution are then brought together in Part 5, first to discuss the 
general economic equilibrium and second to analyze economic welfare in a 
competitive society. 

Broadly speaking, the theory of input pricing does not differ from the 
theory of pricing goods. Both are fundamentally based on the interaction of 
demand and supply. In the present case, demand arises from business firms 
(rather than consumers) and supply, at least the supply of labor services, 
arises from individuals who are not only sellers of labor time but also 
consumers. Furthermore, for the most interesting cases of capital and labor, 
one determines the price of using the resource for a stipulated period of time, 
not the price of purchasing the resource. In other respects, however, the 
theory of distribution is the theory of value of productive services. 

The previous level of abstraction is maintained throughout Part 4. This is 
certainly to be expected in Chapter 14, which presehts the marginal 
productivity theory of distribution in perfectly competitive input and output 
markets. When imperfections appear in either market, however, the situation 
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changes appreciably. This is especially true when large employers bargain 
directly with representatives of powerful labor organizations. When market 
imperfections arise, labor unions tend to arise as well. The theoretical 
discussion in Chapter 15 may seem far removed from the dramatic world of 
GM versus UAW. Indeed it is, in a certain sense. Yet the theoretical results 
obtained do set limits within which collective bargaining agreements are likely 
to occur. ST 

Our point of view is that collective bargaining between management and 
union representatives constitutes bilateral monopoly, an indeterminate 
economic situation. Our analysis sets broad limits within which the solution 
lies. To push further requires one or more courses, not chapters. For example, 
there is a substantial body of theory concerning the collective bargaining 
process,’ but an understanding of labor markets also requires an extensive 
knowledge of the institutional framework within which labor unions and 
business management operate.” This type of knowledge must be acquired in 
“applied” courses or contexts, just as “applied” courses supplement the other 
portions of microeconomic theory. m 


"For a taste of this body of theory, see Allan M. Cartter, Theory of Wages and Employment 
(Homewood, Ill.: Richard D. Irwin, 1959), pp. 77-133. 


*For institutional setting, see John T. Dunlop and James J. Healy, Collective Bargaining: Prin- 
ciples and Cases, rev, ed. (Homewood, Ill.: Richard D. Irwin, 1953) 


CHAPTER 


14 


Marginal Productivity Theory of 
Distribution in Perfectly 
Competitive Markets 


The Immigration Reform and Control Act was recently enacted. Its major 
provisions include an amnesty program for illegal aliens who have been U.S. 
residents since 1982, and civil and criminal penalties for employers who hire 
illegal aliens in the future, will undoubtedly result in profound changes in the 
U.S. economy and labor market. But can economic theory help us predict 
exactly what these profound changes will be? The material in this chapter, 
which deals with the determination of input prices, is designed to be used to 
help analyze just such changes. By acknowledging explicitly the forces behind 
the demand and supply of labor (and other inputs), you should be able to 
answer a variety of questions currently being asked about the effects of the 
new immigration law: Will U.S. citizens’ now replace former illegal aliens in 
unskilled jobs? Will employers of unskilled labor in the United States benefit? 
How about U.S. consumers? What about Americans taken as a whole? In the 
“Applying the Theory” section you will be asked to use the material in this 
chapter to answer just such questions, W 
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Aliens Law to Change Nation, Experts Say 


The United States will undergo profound 
changes — ranging from population and in- 
dustry shifts to serious financial burdens on 
local governments with high immigrant 
populations —in coming years as the new 
immigration law gradually takes effect, ac- 
cording to specialists on immigration and 
population issues. 

The major provisions of the law, signed 
Nov. 6 by President Reagan, include an 
amnesty program for illegal aliens who 
have been U.S. residents continuously 
since Jan. 1, 1982, and civil and criminal 
penalties for employers who hire illegal 
aliens in the future. There also is an 
amnesty provision for alien farm workers 
who can prove they worked in U.S. 
agriculture for 90 days in the year ended 
May 1, 1986, 

Population and immigration specialists 
said it is much too early to be sure how 
the new law will affect the country, espe- 
cially since no one is certain how many 
illegal aliens are here. The estimates range 
from 2 million to more than 20 million. 

But many agreed on a number of likely 
trends, which are expected to occur 
gradually: - 
= Unless the government allows a new un- 
derclass of illegal aliens to take the place 
of the newly legalized aliens, the country 
will lose an entire segment of the work 
force that has been cheap, docile and will- 
ing to work in undesirable jobs. 
= Many of the industries where the illegal 
aliens worked will not be competitive if 
they are forced to pay higher wages. They 
may have to mechanize or move abroad in 
order to survive. 


= The newly legalized aliens will suddenly 
find themselves with new options. Instead 
of remaining in low-profile jobs to evade 
the Immigration and Naturalization Ser- 
vice, they are expected to compete-for bet- 
ter jobs. Some will join unions. 
= Some specialists worry about a backlash 
from low-income citizens against the newly 
legalized aliens. Illegal aliens have com- 
peted for jobs with poor Americans in the 
past, and will be seen as moving virtually 
overnight from the status of lawbreaker to 
legal resident. The specialists added that 
some citizens already resent the growing 
prevalence of the Spanish language in 
some areas of the country. 
u Since the majority of the illegal immi- 
grants are Hispanic, a migration back to- 
ward the southern United States is 
expected — both because of the warmer 
climate and because the aliens will want to 
be closer to relatives— once they do not 
have to worry about the possibility of 
being apprehended by the INS. 
= All the specialists agree that most of the 
illegal alien population is concentrated in 
small areas of the country and that local 
governments in those areas will face stag- 
gering financial problems that may not 
have been anticipated. The law provides $4 
billion in reimbursement costs over four 
years, but some specialists said the local 
cost may be many times that. a 
One of the most striking aspects of the 
new law, at least in the short run, is that it 
will have such disproportionate impacts on 
different parts of the country. “Most of the 
country won’t be affected, but certain parts 
are in deep trouble,” said Patrick Burns, 
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director of the William Vogt Center for 
U.S. Population Studies. 

A recent study by Burns’ group found 
that nearly half of the illegal aliens in the 
country live in California, most of them in 
the Los Angeles—San Diego region. He 
found that other high-impact states are 
New York, Texas, Illinois, and Florida. 
Burns added that the Washington, D.C., 
metropolitan area also will be heavily 
affected. 

While a large majority of the illegal im- 
migrants is believed to be Hispanic, there 
are other groups. Burns said that Detroit, 
for example, has a high concentration of il- 
legal Arab aliens while Washington, D.C., 
is home to a number of illegal Nigerians, 
Ethiopians, Iranians, and Filipinos. 

While the law prohibits the newly 
legalized aliens from collecting federal 
welfare for five years, there is nothing to 
make them ineligible for local assistance 
programs. 

A study published last year by the Urban 
Institute on legal and illegal Hispanic im- - 
migrants in southern California found that 
they tended to be less educated than black 
or white Americans and paid less in taxes. 
The study also found that the Hispanic 
families had a substantially higher birth rate 
and sent more children to the local public 
school districts, driving up local costs. 

David North, an immigration scholar at 
the New TransCentury foundation said that 
California law would allow the newly le- 
galized aliens to collect welfare payments, 
a policy that will hit Los Angeles County 
especially hard. He added that the county 


passed by a Democratic-dominated state 
legislature which does not contribute to the 
funding. 

The Urban Institute study also found 
that illegal workers have taken jobs away 
from Americans and have had a tendency 
to force down wages in industries in which 
they are concentrated. 

Michael S. Teitelbaum of the Alfred P. 
Sloan foundation has found that the Ameri- 
cans who most often lose jobs because of 
illegal immigration are “citizens with char- 
acteristics most similar to the illegal work- 
ers, the working poor: disadvantaged 
American minorities, young people, and 
recent legal immigrants and refugees.” 

Although most Americans have a stereo- 
type of illegal immigrants picking fruit and 
vegetables in the fields in the Southwest, 
experts said that they have moved into 
many businesses and farm work all over 
the country. 

University of Delaware Prof. Mark 
Miller describes the movement of illegal 
workers into the southern Pennsylvania 
mushroom industry: “Once certain employ- 
ers began to hire illegal Mexican workers 
at low wages, they created an incentive for 
the others to do that to compete.” Now, he 
said most of the mushroom work is done 
by illegals. 

The INS has estimated that illegal aliens 
make up 25 percent of the workers in the 
high-tech Silicon Valley near San Fran- 
cisco, where they werk on assembly lines 
soldering circuit boards. 

In Los Angeles, illegal immigrants are 
heavily employed in the foundry and gar- 

(continued on page 416) 
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(continued from page 415) 
ment industries, and in the Southwest they 
make up a large portion of the construction 
industry. 

In Houston, for example, Prof Don 
Huddle of Rice University found in a study 
that 37 percent of the city’s construction 
industry was made up of illegal workers, 
some of them making up to $12 an hour 
and taking jobs that unemployed Ameri- 
cans would have competed for. 

Huddle has found companies that virtu- 
ally excluded Americans because they pre- 
ferred the cheap, docile workers who are 
readily available in the area. 

In Houston, he said, “They congregate 
at a certain spot like an army of the un- 
employed. At the refineries, they wait at 
the gates every morning for whatever may 
be available,” he said. 

All over the country, they work as 
maids and babysitters, taxi drivers, dish- 
washers and busboys in restaurants, and in 
low-level jobs in the hotel industry. 

Many immigration scholars agreed that 
the biggest unanswered questions involving 
the new law concern how many of the 
illegal aliens will come forward for amnesty 
and whether the INS will have adequate 
personnel to monitor the amnesty program 
and force employers to comply with the 
new law. If the law is not enforced ade- 
quately, they said that the number of newly 
legalized aliens will grow and employers 
will probably continue to import illegal 
labor across the border. 

There was widespread resistance to the 
idea of civil and criminal penalties for em- 
ployers who hire illegal aliens in the fu- 
ture. The penalties range from fines of 
$200 to $10,000 for each illegal alien em- 


ployed to a six-month prison sentence for 
an employer convicted of “pattern and 
practice” violations. 

Teitelbaum argued that if INS — which 
has under 12,000 employees across the 
country —is not staffed or funded ade- 
quately, employer sanctions will not work. 
And if the Justice Department gives prior- 
ity to the immigration issue and prosecutes 
the cases, they will be ignored. 

“If people believe in this... it may 
work. But if they view it like the sale of 
drugs on the street in New York City, with 
the profits high, the police on the take and 
a revolving door in the courts, that will 
just breed cynicism, and they will fail,” 
Teitelbaum said. 

Miller, who has studied employer sanc- 
tions in European countries, said that they 
have had an impact on illegal immigration 
in those countries and are seen there as an 
extension of labor laws because of the ex- 
ploitation of the illegal workers and the un- 
fair business competition by employers 
who use them. 

North added that if the law is enforced, 
“I have a strong impression that the em- 
ployer sanctions’ obligation in the 1980s 
will be comparable to the 1930s and 1940s 
when we imposed the minimum wage, the 
mandatory Social Security pension and tax 
withholding. They were all considered 
radical and drastic at the time. But all 
eventually became part of our culture.” 

He said industry will adapt if it is 
forced to: “You can grow a labor-intensive 
crop and rely on docile, inexpensive labor, 
or you can grow for the cannery... and 
harvest mechanically. It doesn’t mean 
the grower is moving toward 
bankruptcy. . . . Restaurants who pay $2.50 
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| 
per hour may. . . . have to pay a little more Suppose these provisions eliminate the 
or maybe they'll put in an automatic dish- supply of iilegal aliens in the uaskilled 
washing machine. . . It may be painful, but labor market. Using a supply and de- 
it creates a more equitable society.” mand diagram for unskilled labor, ana- 
No one is certain how many aliens are lyze the effects of such a change on the 
eligible for amnesty or how many wiil following groups in the United States: 
come forward. Conservative estimates have a. Unskilled U.S. citizens (do not 
placed the figure at 1 million. But some worry about the previous illegal 
experts believe the figure may be higher. aliens who are now made legal as a 
Burns said he believes 2 million will result of the new law). 
come forward, but he said that if the INS b. Consumers in the United States. 
is forced to “rubber stamp” amnesty re- c. Employers of unskilled labor in the 
quests because of manpower shortages, United States. 
fraudulent document saies will soar and d. Americans other than illegal aliens 
many more aliens may come forward. (assume that capital and other non- 
“The potential is monumental,” he said. labor factors are owned entirely by 
Huddle’s most conservative projection is Americans other -than illegal 
that 3.5 million will come forward and that aliens). 
they wiil soon be followed by 3 million to In your analysis for (c) and (d), also . 
10 million family members, mostly wives make use of the results in subsection 
and children. In his studies in the Houston 14.4.c and Figure 14.4.3. 
barrios, Huddle found that 70 percent said 2. According to the article, the Urban In- 
they were ready to come forward, whether stitute found that illegal workers have 
they met the eligibility requirements or taken jobs away from Americans and 
not. have had a tendency to force down 
Huddle also found that two out of every wages in industries in which they are 
three illegal aliens had already obtained concentrated. 
fraudulent identification cards that would a. Are these results consistent with 
allow them to get around the employer your analysis in question 1? 
sanctions provisions in the law. The docu- b. Does it follow that if, say, x num- 
ments are readily available in Houston, he ber of illegal aliens are no longer 
said, for as little as $10 to $20. employed as a result of the new 
immigration law, the number of 
Questions unemployed U.S. citizens who 
1. The new immigration law imposes civil will now be employed will be x? 
and criminal penalties for employers Explain carefully. 
who hire illegal aliens in the future. In 3, Some argue that illegals perform jobs 
addition, because of the amnesty pro- that no American citizen would do. 
visions, the newly legalized aliens will Use the analysis from question | to 
have new options and will no longer be show why this is a bit naive. 
confined to jobs for unskilled workers. (continued on page 418) 
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(continued from page 417) 
4. The article also indicates that experts 


predict that many of the industries 
where the illegal aliens worked may 
now have to mechanize. As one official 
is quoted as saying: “You can grow a 
labor intensive crop and rely 

on... inexpensive labor, or you 

can... harvest mechanically.” Explain 
this predictign by distinguishing be- 
tween the substitution, output, and 
profit-maximizing effects of an increase 
in the price of unskilled labor, using 
the analysis in subsection 14.2.b. 


Solutions 


. a. We will analyze the market for 
“unskilled labor” before the 
imposition of the new immigration 
law and then show the effects after 
its imposition. Before the 
imposition, the market wage is W», 
and quantity L, workers are 
employed—ZL, Americans and 

(Lı — L;) illegal aliens. If illegal 
aliens are no longer part of the 
market supply of unskilled 
workers, the wage rate will rise to 
W, and L, Americans will now be 
employed as unskilled workers. 
(We ignore in this diagram any 
previous ilegal aliens who are now 
made legal. To the extent thatsome 
of these individuals continue to 
supply labor in the unskilled labor 
market, the “domestic supply” 
curve in the graph would be 
slightly farther to the right.) As a 
result, American unskilled workers 
gain, as their total wages rise from 
OWL; to OW, yL,. La — L; illegal 
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aliens have lost their jobs, and 

L, — L; Americans have gained 
jobs as a result. There is no reason 
for L, — L; to equal L, — L3. The 
numbers of workers in these groups 
will depend on the slopes of the 
supply and demand curves. 


Unskilled Labor Market 


Domestic supply 


(= total 

supply after 

imposition 

of new Total supply 

immigration before 

law) imposition 
of new law 
(including 
illegal aliens) 


L; L Lz 


Number of unskilled workers 


. Consumers in the United States 


would be hurt as a result of the 
new law. Wages for unskilled 
workers rise, and hence prices for 
products that are produced with 
unskilled labor rise. 


- Employers of unskilled labor will 


be hurt by the new law as well. 
The return to capital (profits) are 
reduced from W,xz to W,xy. See 
subsection 14.4.c and Figute 14.4.3 
for this argument. 

(All of the above assumes that 
the reduction of immigrants will 
have no effect on the aggregate 
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demand curve. If the reduction in 

earnings for illegal aliens reduces 

overall demand, then workers who 
are not close substitutes for illegal 
aliens may be losers as well.) 

d. Americans other than illegal aliens 
as a whole lose as a result of the 
new law. As long as illegal.aliens 
were earning a wage equal to the 
VMP of the last worker employed, 
the earnings of native Americans 
must decrease. The only exception 
would be if immigrants were 
previously obtaining government 
services or payments in excess of 
the payroll, income, sales, and 
property taxes they paid. 

2. a. The conclusions of the Urban 
Institute study are consistent with 
the analysis above. Illegal aliens 
have resulted in a reduction in the 
wage of unskilled workers, and 
they have reduced the jobs of 
unskilled native Americans by 
(Li ~ Ly). 

b. However, there is no reason for 
there to be a one-to-one expansion 
of native American workers’ 
jobs from illegal aliens, as 
demonstrated in the solution to 
question 1. In generat, the number 
of individuals in each category 
depends on the shapes of the 
dgmand and supply curves. 

3. At wage rate Wz, only Ly Americans 
want unskilled jobs. However, at ae 
higher wage that will result from the 
new immigration law, Li Americans 
want unskilled jobs. In short, the 
domestic supply curve of unskilled 
workers indicates that the number of 


Americans who desire to work in 
unskilled jobs is not independent of the 
wage rate. 


. If the wage rate of unskilled workers 


rises, the analysis in Chapter 14 
predicts that the quantity of workers 
hired will fall for two key reasons, 
labeled as the substitution effect and 
the output effect. The substitution 
effect refers to the movement along a 
given isoquant as the slope of the 
isocost line changes. At ery Q, the 
least-cost rule predicts just such a 
reduction in labor demanded. It is this 
effect that can account for the 
predictions in the article. In addition, 
as the wage rate rises, the quantity 
produced will decrease for a given 
expenditure on resources, resulting in 
a decrease in both the quantity of labor 
and capital hired. This latter effect is 
what is referred to as the “scale effect” 
or output effect. Figure 14.2.4 shows 
these two effects for a wage decrease. 
However, it only includes the result for 
a given expenditure on resources; it 
does not show the profit-maximizing 
amounts of inputs hired. When the 
wage rate rises, the marginal cost of 
production rises for every level of 
output, and thus the profit-maximizing 
output for a competitive firm falls. 
This is an additional effect referred to 
in Chapter 14 as the profit-maximizing 
effect. This also reduces the quantity of 
labor hired (as well as capital). The 
substitution effect is responsible for the 
change in the factor proportions cited 
in the article, however. 


Source: “Aliens Law to Change Nation, Experts 
Say,” the Washington Post, November 28, 1986, pp. 
Al6-Al7. 
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As indicated in the introduction to Part 4, this section is not intended to be a 
Practical guide to wage determination. Yet the marginal productivity theory 
constitutes a framework in which practical problems can be analyzed; thus it is 
a useful analytical tool for economic theorists. 

The origin of marginal productivity theory is more or less dim.' Perhaps John 
Bates Clark is most widely associated with its development;? however, earlier 
hints appeared in Von Thiinen’s Der isolierte Staat (1826), Longfield’s Lectures 
on Political Economy (1834), and Henry George’s Progress and Poverty (1879). 
Indeed, George presented a “universal law of wages” that clearly indicates mar- 
ginal productivity analysis: 


Wages depend upon the margin of production, or upon the produce 
which labor can obtain at the highest point of natural productiveness 
Open to it without the payment of rent. ... Thus the wages which 
an employer must pay will be measured by the lowest point of 
natural productiveness to which production extends, and wages will 
rise or fall as the point rises or falis.’ 


In'the preface to his important work, Clark acknowledged his indebtedness to 
George and summarized his theory simultaneously: 


It was the claim advanced by Mr. Henry George, that wages are 
fixed by the product which a man can create by tilling rentless 
land, that just led me to seek a method by which the product of 
labor everywhere may be disentangled from the product of 
cooperating agents and separately identified; and it was this quest 
which led to the attainment of the law that is here presented, 
according to which the wages of all labor tend, under perfectly free 
competition, to equal the product that is separately attributable to 
labor.* 


But in the 1880s and 1890s, Clark was not alone in developing the marginal 
productivity concept. Jevons, Wicksteed, Marshall, Wood, Walras, Barone, and 
others made important contributions.® Indeed, during this period an important 
distinction between views of marginal productivity theory arose. 


‘For a survey of its development, see Allan M. Carter, Theory of Wages and Employment 
(Homewood, Ill.: Richard D. Irwin, 1959), pp. 11-32. 


*John Bates Clark, The Distribution of Wealth (New York: Macmillan, 1902). 
_ *Henry George, Progress and Poverty (1879), p. 213. 
“Clark, Distribution of Wealth, p. viii. 
"W. Stanley Jevons, The Theory of Political Economy; Philip Wicksteed, An Essay on the 
Coordination of the Theory of Distribution; Alfred Marshall, Principles of Economics; Stuart Wood, 
“The Theory of Wages,” American Economic Association Publications, no, 4 (1889); Leon Walras, 


Elements d'économie Politique pure; Enrico Barone, “Studi sulla distribuzione,” Giornale degli 
economisti 12 (1896). 
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First, to state the marginal productivity principle (developed in subsec- 
tion 14.2.a): there is a direct functional relation between wages and the level of 
employment; each profit-maximizing entrepreneur will attempt to adjust employ- 
ment so that the marginal product of labor equals the wage rate. 

From Clark’s point of view, this principle, slightly embellished, constituted 
the theory of wages. Marshall strongly disagreed: 


This doctrine [the marginal productivity principle) has sometimes 
been put forward as a theory of wages. But there is no valid 
ground for any such pretension. . .. Demand and supply exert 
equally important influences on wages; neither has a claim to 
predominance; any more than has either blade of a scissors, or 
either pier of an arch. . . [but] the doctrine throws into clear light 
the action of one of the causes that govern wages.‘ 


According to Clark, the marginal productivity principle determines wages. 
Marshall, and later Hicks, and most other theorists, regard the principle as 
determining only the demand for labor, The supply of labor, or any other pro- 
ductive service, must enter before a full theory of wage determination is devel- 
oped. This modern, or neoclassical, view is adopted here. 


DEMAND FOR A PRODUCTIVE SERVICE’ 


Following the Marshall-Hicks approach, one must pay heed both to the demand 
for and supply of a productive service. In this section the theory of input demand, 
based on the marginal productivity principle, is developed. The theory is appli- 
cable to any productive service although the most natural application, and the 
bulk of literary treatments, refers to the demand for labor. Thus we shall usually 
speak of “the demand for labor,” but “the demand for a productive service of any 


sort” is implied. 


ae of a Firm for One Variable Productive Service 
14.2.a s 


Before embarking on a formal analysis, it may be useful to point out the direct 
analogy between the behavior of the firm in determining its profit-maximizing 
output and its profit-maximizing combination of resources, In the former study, 
we assumed that market demand and supply determine market equilibrium price, 
without first explaining the origin of market supply. Next “Since each firm is too 
small to“affect price by changes in its output, the demand curve confronting each 
producer is a perfectly elastic horizontal line at the level of market price. Our 


Marshall, Principles of Economics, pp. 518, 538. 


"The analysis of sections 14.2 and 14.4 relies heavily on the tools developed in Chapters 5 and 
6. The reader may wish to review these chapters as a background for the material presented here. 
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problem in that case was to determine marginal cost, and thus supply, given the 
State of technology and input prices. The analysis was completed by obtaining 
market supply from the individual supply curves. E 
The procedure in the present case is completely analogous, but reversed. First, 
we assume that the market demand for and supply of iabor determine the market 
equilibrium wage rate, without initially explaining the origin of the demand for 
labor curve." Next, since each firm is too small to affect the wage rate by changes 
in its labor input, the supply of labor curve confronting each producer is a 
perfectly elastic horizontal line at the level of the market wage rate. Qur problem 
now is to determine the individual demand for labor curve, given the state of 
technology and the market price of the output produced. The analysis is then 
completed by obtaining market demand from the individual demand curves. 
Let us begin with an example, given in Table 14.2.1 and graphically illus- 
trated in panels A and B, Figure 14.2.1. We consider a production process 
involving fixed inputs, and thus fixed costs, but only one variable input, labor. 
Thus total labor cost equals total variable cost. The product sells for $5 per unit, 
and labor costs $20 per unit. The production function is specified by the first three 
»/ columns. Column 5 shows total revenue (total product multiplied by commodity 
price), and column 8 lists total variable cost (units of labor input multiplied by 
the price per unit). Finally, the last column shows total revenue minus total 
variable cost, a proxy for profit inasmuch as it (profit) differs from column 9 only 
by the constant fixed cost.’ The difference between total revenue and total 
variable cost is greatest when seven units of labor are used; this solution accord- 
ingly corresponds to the profit-maximizing organization of production. The total 
revenue-total variable cost approach is illustrated in panel A, Figure 14.2.1. The 
maximum distance between the two curves occurs when their slopes are equal, 
or when marginal revenue per unit of labor equals marginal cost per unit of labor. 
From the standpoint of input analysis it is more useful to approach the profit- 
maximizing problem in a different way. First, note that the supply of labor curve 
(panel B) is given by the entries in column 7, Table 14.2.1. Ic is a horizontal line 
at the $20 level, indicating the addition to total cost attributable to the addition 
of one unit of labor. The marginal product of successive additional units of labor 
is shown in column 3. Multiplying these entries by commodity price, one obtains 
the value of the marginal product shown in column 6. 


Value of Marginal Product: The value of the marginal product of a variable 
productive service is equal to its marginal product multiplied by the market 
price of the commodity in question. .— 


"The supply curve, in this instance, has not been explained either. It is analyzed in section 14.3. 


°For example, if total fixed cost is $50, Profit is column 9 minus $50. Thus maximum profit 
corresponds to the maximum entry in column 9. 
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Table 14.2.1 Value of the Marginal Product and Individual Demand for Labor 


Units of Value of Wage Total TR 
Labor Total nal Product Total 
n paves 5 : Marginal per Unit Variable Minus 


Input ue Product of Labor Cost 
0 0 — $5.00 $ 0 = $20 $ 0 $ 0 
1 1C 10 5.00 50 $50 20 2 30 
2 19 9 5.00 95 45 20 40 55 
3 27 8 5.00 135 40 20 60 75 
4 34 7 5.00 170 35 20 80 90 
5 40 6 5.00 200 30 20 100 100 
6 45 5 5.00 225 25 20 120 105 
7 49 4 5.00 245 20 20 140 105 
8 52 3 5.00 260 15 20 160 100 
9 54 2 5.00 270 10 20 180 90 
10 55 1 5.00 275 5 20 200 75 


Figure 14.2.1 Graphical Illustration of Profit Maximization by Two Approaches 
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to profit maximization { wage approach to profit maximization 


From panel B, Figure 14.2.1, it is easily seen that the value of the marginal 
product curve intersects the supply of labor cuve at a point corresponding to 
seven units of labor input. As we have previously seen, this is precisely the 
profit-maximizing labor input. 
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To get more directly to the proposition we seek, consider the generalization of 
panel’B shown in Figure 14.2.2. Suppose the value of the marginal product is 
given by the curve labeled VMP in Figure 14.2.2. The market wage rate is Ow, 
so the supply of labor to the firm is the horizontal line S,. First, suppose the firm 
employed only OL, units of labor. At that rate of employment, the value of the 
marginal product is L,C = Ow, > OW, the wage rate. At this point of operation 
an additional unit of labor adds more to total revenue than to total cost (inasmuch 
as it adds the value of its marginal product to total revenue and its unit wage rate 
to cost). Hence a profit-maximizing entrepreneur would add additional units of 
labor; and indeed, would continue to add units so long as the value of the marginal 
product exceeds the wage rate. 

Next, suppose OL, units of labor were employed. At this point the value of 
the marginal product L,F = Ow, is less than the wage rate. Each unit of labor 
adds more to total cost than to total revenue. Hence a profit-maximizing en- 
trepreneur would not employ OL, units, or any number for which the wage rate 
exceeds the value of the marginal product. These arguments show that neither 
more nor fewer than OL units of labor would be employed and that to employ 
OL units leads to profit maximization. The statements are summarized as follows: 


Proposition [D A profit-maximizing entrepreneur will employ units of a variable 
productive service until the point is reached at which t value of the marginal 
Product of the input is exactly equal to the input price. 


[in other words, given the market wage rate or the supply of labor curve to the 
firm, a perfectly competitive producer determines the quantity of labor to hire by 
equating the value of the marginal product to the wage rate. If the wage rate were 
Ow, (Figure 14.2.2), the firm would employ OL, units of labor to equate the 
value of the marginal product to the given wage rate. Similarly, if the wage rate 
were Ow», the firm would employ OL, units of labor. By definition of a demand 
curve, therefore, the value of the marginal product curve is established as the 
individual demand for labor curve. a 


"The results of this section can be developed mathematically. Let the production function be 
q= fix), (14.10.1) 
where x is the single variable productive service. Marginal product is accordingly given by f'(x). 
Under the assumptions of this chapter, the producer is a perfect competitor in both commodity and 
factor markets. Hence the market Price of the commodity (p) and the market Price of the input (w) 
are given. 
The profit function is 
™ = pq — wx -F 5 pf (x) - wx =F. (14, 10.2) 


where F represents fixed cost and wx is the variable cost. The entrepreneur adjusts input usage so as 
to maximize profit. Mathematically, this is represented by 

z = pf'(x) —w =0, (14.10.3) 
or 

Pf'(x) =w, (14.10.4) 
the theorem stated in the text. 
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Figure 14.2.2 Proof of VMP = w Theorem 
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| individuai Demand for a Productive Service: The individual demand curve 


for a single variable productive service is given by the value of the marginal 
product curve of the productive service in question. 


Individual Demand Curves When Several Variable Inputs Are Used 


When a production process involves more than one variable productive service, 
the value of the marginal product curve of an input is not its demand curve. The 
reason lies in the fact that the various inputs are interdependent in the production 
process, so that a change in the price of one input leads to changes in the rates 
of utilization of the others. The latter, in turn, shifts the marginal product curve 
of the input whose price initially changed." : 

Consider Figure 14.2.3. Suppose an equilibrium initially exists at point A. 
The market wage rate is Ow), the value of the marginal product curve for labor 
is VMP, when labor is the only input varied, and OL, units of labor are employed. 
Now let the equilibrium wage rate fall to Ow, so that the perfectly elastic supply 
curve of labor to the firm is $4,- 

The change in the wage rate in general has three effects that are admittedly 
difficult to explain because they do not lend themselves conveniently to graphical 
analysis. Two effects—the substitution effect and the output effect—can be 
explained by means of Figure 14.2.4. For convenience, assume that there are 
only two variable inputs, capital (K) and labor (L). Q, and Q, are production 
isoquants, and the initial input price ratio (when the wage rate is Ow, in 
Figure 14.2.3) is given by the slope of EF. As explained in Chapter 7, equi- 


"For a review, see Chapter 6. 
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Figure 14.2.3 Individual Input Demand When Several Variable Inputs Are Used 
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Figure 14.2.4 Substitution and Output Effects of a 
Change in Input Price 
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librium is attained at point A, with inputs of OL, units of labor and OK; units of 
capital. Now let the wage rate fall to Ow,, the cost of capital remaining constant. 
The new input price ratio is represented by the slope of the new isocost curve 
EF’. Equilibrium is ultimately attained at point C on the higher isoquant Q;, with 
OL, units of labor and OK; units of capital employed. 
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The movement from A to C can be decomposed into two separate “effects.” 
The first is a substitution effect, represented by the movement along the original 
isoquant from A to B. To understand this movement, construct the fictional 
isocost curve GG’ with the following characteristics: (a) it is parallel to EF’, thus 
representing the new input price ratio, but (b) it is tangent to'Q,, thus restricting 
output to the initial level. The movement from A to B is a pure substitution of 
labor for capital as a result of the decrease in the relative price of labor. The 
movement would occur if the entrepreneur were restricted to the original level of 
output at the new input price ratio. 

The movement from B to C represents the output effect. First, recall that 
Figure 14.2.4 depicts the maximization of output for a given expenditure on 
resources. When the price of labor falls, more labor, more capital, or more of 
both may be bought at the given, constant expenditure. The movement from B 
to C represents this, and position C indicates the ratio in which the inputs will 
be combined if expenditure on resources remains unchanged. °? 

In summary, the substitution effect resulting from a reduction in the wage rate 
causes a substitution of labor for capital. This effect alone, therefore, shifts 
labor’s marginal product curve to the left because there is less of the cooperating 
factor (capital) with which to work. The output effect generally" results in an 
increased usage of both inputs. Thus the output effect alone tends to shift labor's 
marginal product curve to the right because there is usually more of the cooper- 
ating factor with which to work. 

It is important to emphasize that point C, Figure 14.2.4, indicates the ortimal 
input ratio for the given expenditure on resources; but it does not show the 
profit-maximizing amounts of the inputs. When the wage rate falls, the marginal 
cost of production is reduced for every level of output unless labor is an inferior 
factor. The marginal cost curve shifts to the right, and the profit-maximizing 
output of the perfectly competitive firm increases. This is a separate effect that 
may be called the profit-maximizing effect. In terms of Figure 14.2.4, the isocost 
curve EF’ shifts outward and to the right, remaining parallel to itself, as it were. 
The profit-maximizing effect normally leads, via an expansion of output, to an 
increase in the usage of both inputs. Hence this effect also shifts labor's marginal 
product curve to the right. 

Now return to Figure 14.2.3. When the wage rate falls from Ow, to Ow2, the 

; usage of labor expands. However, the expansion does not take place along VMP,. 
When the quantity of labor used and the level of output change, the usage of other 
inputs changes as well. The substitution effect of the change causes a leftward 
shift of labor’s marginal product curve. But the output and profit-maximizing 
effects cause a reverse shift to the right unless labor is an inferior factor. 

Panels A and B, Figure 14.2.3, illustrate the ways in which the VMP curve 
may shift. In panel A, the value of the marginal product curve shifts uniformly 


"The analysis is not affected if either of the inputs is “inferior” (see Chapter 7). 
"There can be exceptions, but they are unusual, See the references in footnote 14. 
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outward to the right, from VMP; to VMP;. The equilibrium usage of labor at wage 
rates Ow, and Ow, correspond to the points A and B respectively. Generating a 
series of points such as A and B by varying the wage rate also generates the labor 
demand curve dd’. Panel B illustrates that the value of the marginal product 
curve may shift uniformly inward to the left (VMP;) or that it may “twist” 
(VMP3). In either case, connecting points such as A and B or A and B’ generates 
factor demand functions such as dd' or dd", respectively. The only requirement 
is that the new VMP curve intersect S,, at a point to the right of A in panel B. 
The factor demand curve, that is, must_be negatively sloped." 

Thus the input demand curve, while more difficult to derive, is just as deter- 
minate in the multiple-input case as in the single-input situation. The results of 
this section may be summarized in the following: 


[ Proposition: An entrepreneur's demand curve for a variable productive agent 
can be derived when more than one variable input is used. The demand curve 
must be negatively sloped because, on balance, the three effects of an input 
price change must cause quantity demanded to vary inversely with price, { Pi 


pararnnonte of the Demand for a Productive Service 
2.6 


The determinants of the demand for a variable productive service by an individual 
firm, while embodied in our derivation of the demand curve, have not been stated 
explicitly. It may serve well to enumerate them now. 

First, the greater the quantity of cooperating services employed, the greater the 
demand for a given quantity of the variable service in question. This proposition 
follows immediately from the facts that (a) the product price is fixed for our 
analysis and (b) the greater the quantity of cooperating inputs, the greater the 
marginal product of the input in question. 

Second, the demand price for a variable productive service will be greater 
the higher the selling price of the commodity it is used to produce. Fixing 
marginal product, the greater the commodity price, the greater the value of the 
marginal product. 

Third, the demand price for a variable productive service will be lower the 
greater the quantity of the service currently in use. For a given commodity price, 
this proposition follows immediately from the law of diminishing marginal phys- 
ical returns. 


"Unfortunately this assertion, which is essential for the results of this section, cannot be proved 
graphically and the mathematical proof is long and tedious, For detailed treatments of the general 
case, see C. E. Ferguson, “Production, Prices, and the Theory of Jointly Derived Input Demand 
Functions,” Economica, N.S. 33 (1966), pp. 454-61; C. E. Ferguson, “*Inferior Factors” and the 
Theories of Production and Input Demand,” Economica, N.S. 35 (1968), pp. 140-50; C. E. Fer- 
guson, The Neoclassical Theory of Production and Distribution (London and New York: Cambridge 
University Press, 1969), Chapters 6 and 9; and C. E. Ferguson and Thomas R. Saving, “Long-Run 
Scale Adjustments of a Perfectly Competitive Firm and Industry,” American Economic Review 59 
(1969), pp. 774-83. b 
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Finally, the demand for a variable productive service depends on “the state-of 
the art,” or technology. Given the production function, marginal product and the 
value of the marginal product for each commodity price are known and do not 
change except for the first point above. However, technology does change; and 
it should be apparent that technological progress changes the marginal produc- 
tivity of all inputs. Thus a technological change that makes a variable input 
more productive also makes the demand for any given quantity of it greater, and 
vice versa.” i : 


Me ASe Demand for a Variable Productive Service 


The market demand for a variable productive service, like the market demand for 
a commodity, is the total of the constituent individual demands. However, in the 
case of productive services, the process of addition is considerably more compli- 
cated than simple horizontal summation of individual demand curves, because 
when all firms expand or contract simultaneously, the market price of the com- 
modity changes." Nonetheless, the market demand curve can be obtained, as 
illustrated in Figure 14.2.5. , 

A typical employing firm is depicted in panel A. For the going market price 
of the commodity produced, dyd; is the firm’s demand curve for the variable 
productive service, as derived in Figure 14.2.3. if the market price of the re- 
source is Ow,, the firm uses Ov, units. Aggregating over all employing firms, 
OV, units of the service are used. Thus point A in panel B is one point on the 
market demand curve for the variable productive service. 

Next, suppose the price of the service declines to Ow (because, for example, 
the supply curve of the variable service shifts to the right). Other things being 
equal, the firm would move along d;d; to point b ' employing Ov} units of the 
service. But other things are not equal.” When all firms expand their usage of the 
input, total output expands, Or stated differently, the market supply curve for 
the commodity produced shifts to the right because of the decline in the input’s 
price. For a given commodity demand, commodity price must fall; and when it 
does, the individual demand curves for the variable productive service also fall, 

In panel A, the decline in individual input demand attributable to the decline 
in commodity price is represented by the shift leftward from did; to dyd}. At input 
price Ow», b is the equilibrium point, with Oy, units employed. Aggregating for 
all employers, OV, units of the productive service are used and point B is 


“For more explanation, see Alfred Marshall, Principles of Economics, 8th ed. (New York: 
Macmillan, 1920), pp. 381-93. 

An algebraic analysis of the derivation of market demand is simple but lengthy. For one version, 
see George J. Stigler, The Theory of Price (New York: Macmillan, 1949), pp. 184-86. 

"Compare the following to the derivation of market commodity supply by summing individual 
supply curves. 

“Let p, and pz be the original and the new commodity prices, respectively. Thus VMP, = p,MP, 
VMP, = p.MP, and VMP, > VMP», since p, > p 
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Figure 14.2.5 Derivation of the Market Demand for a Variable Productive Service 
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obtained in panel B. Any number of points such as A and B can be generated by 
varying the market price of the productive service. Connecting these points by a 
line, one obtains DD’, the market demand for the variable productive service. 
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pan variable productive services may be broadly classified into three groups: 
natural resources, intermediate goods, and labor. Intermediate goods are those 
produced by one entrepreneur and sold to another who, in turn, utilizes them in 
the productive process. For example, cotton is produced by a farmer and (after 
middlemen) sold as an intermediate good to a manufacturer of damask; the dam- 
ask, in turn, becomes an intermediate good in the manufacture of upholstered furn- 
iture. The supply curves of intermediate goods are Positively sloped because they 
are the commodity outputs of manufacturers, even if they are variable inputs to 
others; and, as shown in Part 3, commodity supply curves are positively sloped. 
Natural resources may be regarded as the commodity outputs of (usually) 
mining operations. As such, they also have Positively sloped supply curves.” 
Thus our attention can be restricted to the final. and most important, category: 
labor. 


“There is some difficulty involving the optimal time for marketing natural resources; but this 
generally does not affect the slope of their supply curves. For an elegant treatment, see Harold 
Hetelling, “The Economics of Exhaustible Resources,” Journal of Political Economy 39 (1931), 
pp. 137-75. 
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Genera! Considerations 
14.3.a 


As population increases and its age composition changes, as people migrate from 
one area to another, and as education and reeducation enable people to shift 
occupations, rather dramatic changes can occur in the supply curves of various 
types of labor at various locations throughout the nation. These changes represent 
shifts in the supply curve and are quite independent of its slope. To get at the 
supply curve for a well-defined market, assume that the following are constants: 
the size of the population, the iabor force participation rate, and the occupational 
and geographic distribution of the labor force. Thus one first asks, what induces 
a person to forgo leisure for work? 


Indifference Curve Analysis of Labor Supply 


The supply of labor offered by one individual can, in principle, be determined by 
indifference curve analysis, as shown in Figure 14.3.1. Hours of leisure are 
measured along the horizontal axis, OM representing the maximum, or the total 
number of potential work hours in the week. The total money income from work 
is measured along the vertical axis. The slope of a line connecting M and any 
point on the vertical axis represents a wage per hour. For example, if OY, is the 
money income that would be received for OM hours of work, the hourly wage 
rate is OY,/OM, or the slope of MY,. Finally, curves I, II, and III represent 
indifference curves between income and leisure. For example, along the lowest 
shown level of indifference curve I, an individual (who works CM hours) is 
indifferent between OC hours of leisure and income CF, and OG hours of leisure 
(GM hours of work) and income GH. 

When the wage rate is given by the slope of MY,, the tangency condition for 
maximization” establishes equilibrium at point F on curve I. The individual 
works CM hours for income CF. Leisure, therefore, is OC. Let the wage rate 
increase, as given by the slope of MY;. The new equilibrium is E on curve il. 
Hours of work expand from CM to BM as a result of the increase in the wage rate; 
they would further expand to AM if the wage line changed to MY3. The equi- 
librium points F, E, D, . . . can be connected by the dashed line S, showing the 
supply of labor offered by one individual. In this case the supply curve is 
positively sloped because an increase in the wage rate results in an increase in the 
number of hours worked. 

Figure 14.3.2 illustrates the opposite case. Individual labor supply curves can 
behave in a variety of ways; the crucial question is how their sum behaves — what 
is the shape of the market supply curve of any specified type of labor? 


Utility is regarded as a function of income and leisure. The problem is to maximize utility for 
a given hourly wage rate. 
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Figure 14.3.1 Indifference Curve Analysis of Labor Figure 14.3.2 Indifference Curve Analysis of Labor 
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The Market Supply of Labor 
14.3.c 
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In fact, considerably more can be said about the sum than about the constituent 
parts. First, consider the situation in which one industry uses exclusively a 
Specialized type of labor (obviously, technically skilled). In the short run nothing 
can be said about the slope or shape of the labor supply curve. It may be positive, 
it may be negative, or it may have segments of positive and negative slope. But 
now let us relax our assumption concerning occupational immobility; and in the 
long run, one must. The master baker can become an apprentice candlestick 
maker if the financial inducement is sufficient. But more to the point, young 
people planning their education and career must surely be affected by current 
: returns, and even more by expected future returns, in various professions. Thus 
in the long run the supply of specialized labor is likely to have a positive slope. 
The other case, in which labor is not Specialized to one particular industry, is 
even more clear. In particular, if more than one industry uses a particular type of 
labor, the labor supply curve to any one industry must be positively sloped. 
Suppose any one industry increases its employment; the wage rate must rise for 
two reasons. First, to expand employment, workers must be obtained from the 
other industries, thereby increasing the demand price of labor. Second, the 
industries that lose labor must reduce output; hence commodity prices in these 
industries will tend to rise, causing an additional upward pressure on the demand 
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Price of labor. Thus the industry attempting to expand employment must face a 
Positively sloped supply of labor curve.” 
In summary, we have the following: 


Relation: The supply curves of raw materials and intermediate goods are 
Positively sloped, as are the supply curves of nonspecialized types of labor. In 
the very short run the supply of specialized labor may take any shape or 
slope; but in the long run it, too, tends to be positively sloped Fi de 


a PRODUCTIVITY THEORY OF INPUT RETURNS 


The currently accepted version of marginal productivity theory follows immedi- 
ately from the tools developed above. Indeed, it is merely another application of 
demand and supply analysis. 


vanat Equilibrium and the Returns to Variable Productive Services 
„a 


The demand for and supply of a variable productive service jointly determine its 
market equilibrium price; this is precisely marginal productivity theory. In 
Figure 14.4.1, DD' and SS’ are the demand and supply curves. Their intersection 
at point Æ determines the stable” market equilibrium price OW and quantity 
demanded and supplied OV. The only features unique to this analysis are 
the methods of determining the demand for variable productive services and the 
supply of labor services. The fact that input demand is based on the value of 
the marginal product of the input gives rise to the label “marginal productiv- 
ity theory.” 5 


Short Run and Quasi Rents 
14.4.b 


Up to this point we have not been very specific about the short run and the long. 
indeed it has not been necessary, because marginal productivity theory is con- 
cerned with the price of variable productive services. In the long run all inputs 


or l There are two possible exceptions, cach of which leads to a horizontal industry supply of labor 
curve. First, if the industry is exceedingly small or if it uses only very small quantities of labor, its 
. effect on the market may be negligible. That is, the industry may stand to the market as a perfectly 
competitive firm does to the industry. Second, if there is unemployment of the particular type of labor 
under consideration, the supply of labor to all industries may be perfectly elastic up to the point of 
full employment. Thereafter the supply curve would rise. J se 
2X ERCISE: Prove graphically that this is a stable equilibrium. Next, let the SS’ curve 
bend back on itself. Can you generate an unstable case? 


f 
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are variable; so marginal productivity theory covers all resources in the long run. 
However, in the short run certain inputs are fixed; they cannot be varied and 
hence a “marginal product” cannot readily be generated. The return to short-run 
fixed inputs therefore requires another explanation. Following Marshall, this 
return is denoted “quasi rent.” 

The explanation of quasi rents requires the customary cost curve graph, illus- 
trated in Figure 14.4.2. In that figure, ATC, AVC, and MC denote average total 
cost, average variable cost, and marginal cost, respectively. Suppose market 
price is OP. The profit-maximizing firm produces OQ units of output and incurs 
variable costs that, on average, amount to OA = QD dollars per unit of output. 
Thus the total expenditure required to sustain the necessary employment of 
variable productive services is represented by OADQ. Total revenue is OPEO; 
thus the difference between total revenue and total variable cost is APED. Simi- 
larly, if market price were OA per unit, the difference between total revenue and 
total variable cost would be HAFG. 

This difference is quasi rent, which must always be nonnegative (if price fell 
to OJ, total revenue and total variable cost would be equal; if price fell below OJ, 
production would cease and total revenue and total variable cost would both equal - 


*In classical usage, “rent” is the retum to a resource whose supply is absolutely fixed and 
nonaugmentable (that is, whose supply curve is a line perpendicular to the quantity axis). The return 
to short-run fixed inputs is called quasi rent because their quantities are variable in the long run, 

The definition of quasi rent used in the text, which is the customary modern definition, differs 
slightly from Marshall’s original definition (see his Principles of Economics, 8th ed. (London: 
Macmillan, 1920], footnote on pp. 426-27). Marshall defined quasi rent as the return to a temporarily 
fixed input minus the cost of maintenance and replacement. Quasi rent as defined by Marshall cannot 
be illustrated by means of conventional cost diagrams. In particular, Marshall’s definition is not 
equivalent to the text definition minus the area ABCD in Figure 14.4.2. 
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zero). Notice that quasi rent is the total return ascribable to the fixed inputs. If 
price is OP, quasi rent can be divided into two components: the amount ABCD, 
representing their opportunity cost; and the amount BPEC, representing the pure 
economic profit attributable to their use in this industry rather than in their best 
alternative use. Similarly, if market price is OA, quasi rent (HAFG) has two 
components: the amount HLKG, the opportunity cost of using the fixed inputs in 
this industry; and the (negative) amount ALKF, representing the pure economic 
loss incurred as a penalty for using the resources in their current employment. 

Finally, a rather obvious point should be noted: the sum of (total) variable cost 
and quasi rent as imputed above precisely equals the dollar value of the total 
product. This is simply a matter of definition and arithmetic; but it has a logical 
foundation, as we shall now see. 


Clark-Wicksteed Product-Exhaustion Theorem 
14.4.c d 
In short-run equilibrium the-sum of total variable cost and quasi rent definition- 
ally equals the dollar value of output. As has been said, this is a simple and 
obvious matter of arithmetic. It is not obvious, however, that in long-run com- 
petitive equilibrium the total physical product will be exactly sufficient to pay 
each input its marginal product. This is an important theorem attributable to 
Clark, Wicksteed, and other pioneers of marginal productivity theory. 

To repeat: 
Proposition: In long-run competitive equilibrium, rewarding each input 
according to its marginal physical product precisely exhausts the total physical 
product. 
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A mathematical proof of the Clark-Wicksteed theorem is in the appendix to this 
chapter; in this section a graphical demonstration attributable to Chapman is 
presented.” 

Consider an economy composed of n identical farms, each worked by an 
identical number of laborers. In Figure 14.4.3 the horizontal axis represents the 
number of workers per farm and the curve MP is the marginal product of labor. 
Suppose OL workers are employed per farm and that each is paid his or her 
marginal physical product. The real wage is OA = LE, and total wages are 
OAEL. The total physical product per farm is OMEL, so rent per farm is AME. 
Rent so computed is merely a residual; our problem is to prove that AME is also 
the marginal product of land. 

First, observe that the total product of the economy is n x OMEL. Next, 
suppose another farm is added to the economy, the number of workers remaining 
unchanged. If we can determine total output with 1 + 1 farms, the difference in 
total output when there are n + 1 and n farms is the marginal product of land. 

When the (n + 1)-st farm is added, each existing farm must supply its propor- 
tional share of workers to the new farm. There are n X OL workers available; 
each farm now employs a number of workers, say OL’, such that (n + 1) x 
OL’ = n X OL. When each farm employs OL’ workers, output per farm is 
OMCL' and the total output of the economy is 


(n + 1) X OMCL' = n X OMCL’ + OMCL'. 
The total product with n farms is 

n X OMEL = n X OMCL' + n X L'CEL. 
The marginal product of land, therefore, is the difference, or 


n X OMCL' + OMCL' — 
n X OMCL' — 
n X L'CEL = OMCL' — n X L'CEL 
= BMC + OBCL' —n X L'CEL. 


Now consider the last term above: 
n X L'CEL = n X L'CDL — n X CDE. 


Since n x L'L = OL" by the equal division of workers, it follows than n X 
L'CDE = OBCL', the total return to labor per farm when OL' workers are 
employed on each farm. Therefore, the marginal product of the (n + 1)-st 
farm is 


BMC + OBCL' — OBCL' + n X CDE = BMC +n x CDE. 


~S. J. Chapman, “The Remuneration of Employers,” Economic Journal 16 (1906), pp. 523-28. 
This is a problem in long-run analysis. In terms of Figure 14.4.3, in the short run there is an excess 
rent or profit equal to the area of triangle CDE. In the long run the number of farms must adjust so 
that area CDE approaches zero. 
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Figure 14.4.3" Product-Exhaustion Theorem 
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The last term, n X. CDE, approaches zero as n increases without bound — that 
is, as the size of each farm decreases. Thus for an infinitesimally small increase 
in land; the marginal product of land is BMC. But BMC is also the rent per farm 
computed by the residual method when OL’ workers are on each farm. Con- 
sequently, the marginal product of land is the same as the residual, proving the 
Clark-Wicksteed theorem. 


AALS oe Mesa AND-RELATIVE FACTOR SHARES 


The basic elements of marginal productivity theory have been known since the 
time of Marshall, Clark, and Wicksteed. However a fully systematic exposition, 
together with a theory of relative factor shares, was not presented unti! Hicks 
published his important Theory of Wages.” This may be regarded as the founda- 
tion of the modern neoclassical theory of distribution and relative factor shares. 
Before we get into concepts. however, a bit of review is in order. 


Least-Cost Combination of Inputs, Linearly Homogeneous 
Production Functions, and Homothetic Production Functions 


14.5.a 


The present section is a brief review of the topics developed in Chapter 7, 
especially subsections 7.3.c and 7.4.c. First recall that the least-cost combination 
of inputs is obtained when the marginal rate of technical substitution equals the 
input-price ratio. This proposition is illustrated in Figure 14.5.1, in which Qo is 


John R. Hicks, The Theory of Wages, 2nd ed. (London: Macmillan, 1932, 1963). 
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Figure 14.5.1 Least-Cost Combination of Inputs 


K 


Capital input 
m 


Qo 


Labor input 


an isoquant and the slope of AB represents the wage-rent ratio. The slope of the 
isoquant at any point is the ratio of the marginal product of labor to that of capital. 
Least-cost input proportions are attained only when the ratio of marginal products 
(the marginal rate of technical substitution) equals the input-price ratio. This 
occurs at point Æ, and the slope of the ray OE defines the optimal input (capital- 
labor) ratio. 

The capital-labor ratio is important in any circumstance; but when the produc- 
tion function is homogeneous of degree one it plays an even more vital role. To 
say a production function is- linearly homogeneous implies that the marginal 
product of each input, and hence the marginal rate of technical substitution, is a 
function of the input ratio exclusively. Or, in terms of Figure 14.5.1, the marginal 
rate of technical substitution of capital for labor is a function of the capital-labor 
ratio only. In particular, the marginal rate of ‘technical substitution is not a 
function of the scale of output.” y 


% Let the production function be 
Q = F(K,L), (14.26.1) 


where F(K, L) is homogeneous of degree one in K and L. By its homogeneity property, equation 
(14.26.1) may be written 


4 = fik), (14.26.2) . 


where q = Q/L and k = K/L. It is a simple matter to show that the marginal products 4Q /ðK and 
0Q/dL are given by 


BO) i. 
x f'k) (14.26.3) 
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An isoquant map for a linearly homogeneous production function is shown in 
Figure 14.5.2. Consider any ray from the origin, say OR, which specifies a 
capital-labor ratio. This ray intersects all isoquants in points (such as Ej, . . . , E,) 
such that the slopes of the isoquants are identical; in other words, the marginal 
rate of technical substitution is the same at E,, Ep, E;, and E,. This is true not only 
of the ray OR but of any other ray as well. Hence a single isoquant fully describes 
the isoquant map when the production function is homogeneous of degree one. 

Whenever a production function has the property described in the last para- 
graph, namely, that the marginal rate of substitution is the same along any ray 
through the origin, it is said to be homothetic. Using the terminology of 
Chapter 6, a homothetic production function is one for which every isocline is a 
Straight line through the origin. We have seen that linearly homogeneous produc- 
tion functions are homothetic. The converse is not true; there are homothetic 
production functions that are not linearly homogeneous.” 


ane Elasticity of Substitution 
We noted in subsection 14.5.a that when a production function is linearly homo- 
geneous, or more generally when it is homothetic, the MRTS is a function of the 
capital-labor ratio only. We also know from the “VMP rule” that the MRTS will 
be equal to the ratio of the price of labor to the price of capital. That is, by slightly 
rearranging the VMP rule we have 


_ MP, _ (w/p) _w 
MP, (r/p) r 


where MP, is the marginal product of labor, MPx is the marginal product of 
capital, w is the price of labor, r is the price of capital, and p is the price of 
output. Combining this information we see that the capital-labor ratio can be 
thought of as a function of the ratio of the price of labor, w, to the price of capi- 
tal, r. For convenience, we will write this function as 


K w 

—=h\-}. 14.5.1 

L i(*) ( ) 
and í 

e E E 

L = fik) — i'l). (14.26.4) 


These last two equations show that the marginal products are functions of the capital-labor ratio only. 

2 For example, the production function @ = F(K,L) = 100K °L" is homogeneous of degree 
1.4(= .6 + .8). Note that Fy = 60K~“*L* and F; = 80K*L~*. The marginal rate of technical 
substitution is thus X 


_ F, 80K_4K 
MRTS = R WL 3T 
which is a function of the capital-labor ratio only. Thus, F(K,L) is homothetic but not linearly 
homogeneous. 
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Figure 14.5.2 |soquant Map for Homogeneous 
Production Function 
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Example: Let Q = F(K,L) = 300K ‘°L**. For this production function 
= oF s —2/3) 23 
MPx = 3K 100K -SL 
and 
2 oF = 13) -13 
MP, = ae 200K '*L~"*. 


Thus, in equilibrium we have 


MP. _ 9K _w 

MP, UT 
or 

K_iw 

igi A ch 


In this case, K/L is simply 2 times the ratio of w to r. In other words, 


w iw r, 
h (*) air for this example. 


Part Four Theory of Distribution 


Chapter 14 Marginal Productivity of Distribution in Perfectly Competitive Markets 


We are now ready to discuss the elasticity of substitution, a concept at the heart 
of neoclassical theory that was introduced by Hicks in 1932.” Just as every 
elasticity, it measures the relative responsiveness of one variable to proportional 
changes in another. 


Elasticity of Substitution: The elasticity of substitution measures the relative 
responsiveness of the capital-labor ratio to given proportional changes in the 
marginal rate of technical substitution of capital for labor. 


This definition clearly indicates that the capital-labor ratio is understood to be a 
well-defined function of the MRTS. That will be true, as we have just seen, when 
the production function is homothetic. 

By formula, the elasticity of substitution (ø) is 


( ) ( ) x 15.2 
i L} . A(MRTS) L MRTS i 
(5) ] i (E) nk 


The above expression defines ø directly in terms of the production function. 
In equilibrium, however, MRTS will be equal to w /r. Thus, ø can also be 
defined as the elasticity of K /L with respect to w/r (where K/L is related to w /r 
as.indicated by [14.5.1]). Hence, in equilibrium, the elasticity of substitution may 
be written as: 


a @) a) 3) 
o= x thas (14.5.3) 
al” K K *) 
r L L r} 
The elasticity of substitution can also be written in terms of the expression 


(14.5.1). To simplify the notation, let k = K/L and let u = w/r; then, using 
(14.5.1) we have 


dk u spilt 
Lainie h'(u) K 
In (14.5.3) and (14.5.4), the elasticity of substitution shows the proportional 
change in the capital-labor ratio induced by a given proportional change in the 


factor-price ratio. 


(14.5.4) 


Exercise: Show that the production function in the example following 
equation (14.5.1) has o = 1. 


Hicks, Theory of Wages, p. 117. 
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‘Elasticity of Substitution and Changes in Relative Factor Shares 
14.5.¢ 


“In the notation introduced just above, the relative share of labor in output — that 
-is, the’total payment to labor divided by the total value of output —is 


wk: 
70° 
Similarly, the relative share of capital is 
IK, 
0° 
thus the ratio of relative shares is 
wL 2 
The 

Now consider the right-most expression in (14.5.3). Suppose the wage-rent 
ratio increases by 10 percent. An ircrease in the relative price of labor will, of 
course, lead to a substitution of capital for labor and, thereby, to an increase in 
the capital-labor ratio. Suppose it increases by 5 percent. Then the elasticity of 
substitution is less than one. Knowing this allows us to infer the behavior of 

-` relative factor shares. In the case above, w/r increases by 10 percent and K/L 
increases by only 5 percent, It therefore follows that wL /rK increases, 

Let us look briefly at the cause. By assumption, the wage-rent ratio increases — 
because, perhaps, the supply of capital increases proportionately more than the 
supply of labor. As labor becomes relatively more expensive, entrepreneurs sub- 
stitute capital for labor to the extent permitted by the production function, Now 
if the production function is characterized by inelastic substitutability, en- 
trepreneurs cannot substitute capital for labor in the Same proportion as the wage 
rate has risen relative to capital rent. Thus the relative share of labor must rise. 

The same sort of reasoning applies when the elasticity of substitution is equal 
to orgreater than unity. Hence we may summarize the relation between the elas- 
ticity of substitution and the behavior of relative factor shares in the following: 


Proposition: Consider a two-factor model in which the absolute return to one 
factor increases relative to the absolute return to the other: the relative share of 
the former will increase, remain unchanged, or decrease according as the 
elasticity of substitution is less than, equal to, or greater than unity.°° 


* Consider the expression for labor's relative share. The real marginal product of labor is w /p, and 
L/Q is the reciprocal of labor's average product. Hence, 


labor's relative share = a =e, 


L 


the output elasticity of labor (see the appendix to this chapter). This is always true when labor is paid 
its real marginal product. Thus we may state the following: 


Relation: The relative share of an input is equal to its output elasticity. 
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Whether the elasticity of substitution is greater than, less than, or equal to 
unity is an empirical question; but it is one of great importance to various 
socioeconomic groups. For the American economy and for the manufacturing 
sector as a whole, there is strong evidence that the elasticity of substitution is 
substantially less than unity.” This is in keeping with the increases in the relative 
wage rate and in the relative share of labor. On the other hand, however, many 
specific industries and product groups apparently have production functions 
whose elasticities of substitution exceed unity.” In such industries the share of 
capital increases even though its relative return diminishes. 


“ce een of Technological Progress 


So far we have operated under the tacit assumption that a production function is 
both given and unchanging over the period of analysis; our case has been strictly 
static. Technological progress does occur; and it is of some interest to classify the 
nature of technological change. 

Many years ago Hicks defined technological progress as capital-using, neu- 
tral, or labor-using, according as the marginal rate of technical substitution of 
capital for labor diminishes, remains unchanged, or increases at the originally 
prevailing capital-labor ratio. In other words, if technological change increases 
the marginal product of capital more than the marginal product of labor (at a given 
capital-labor ratio), progress is capital-using because a producer now has an 
incentive to use more capital relative to labor — its (capital's) marginal product 
has increased relative to that of labor. The same type of statement holds, mutatis 
mutandis, for neutral and for labor-using technological progress. 

Basically, technological progress consists of any change (graphically, shift) of 
the production function that either permits the same level of output to be produced 
with less input or enables the former level of inputs'to produce a greater output. 

Technological progress is shown graphically in Figures 14.5.3 and 14.5.4. 
The figures are constructed with uniform notation. The level of output is /, and 


This proposition can be demonstrated mathematically as follows. Using the notation above where 
k= K/L and u = w/r, we see that the relative share ratio wL/rK can be written u/k. Differ- 
entiating, 

u dk u dk 
(3) toa i( -ial vee 
du K E 
It follows that if o < 1, then wL /rK will increase; if o = 1, this ratio is unchanged; and if e > 1, 
this ratio decreases. 

3! As only one example, see J. W. Kendrick and Ryuzo Sato, “Factor Prices, Productivity, and 
Growth,” American Economic Review 53 (1963), pp. 974-1003. 

2 See C.E. Ferguson, “Cross-Section Production Functions and the Elasticity of Substitution in 
‘American Manufacturing Industry,” Review of Economics and Statistics 45 (1963), pp. 305-13; and 
C. E. Ferguson, “Time-Series Production Functions and Technological Progress in American Manu- 
facturing Industry,” Journal of Political Economy 73 (1965), pp. 135-47. 
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Figure 14.5.3 Neutral Technological Progress 
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direction of the origin. In Figure 14.5.3, the three isoquants—/, /’, and J” —all 
represent the same level of output. As technological Progress takes place, /' 
shows that the given level of Output can be produced by smaller quantities of 
inputs than at /. Similarly, as technological progress continues, Z” shows that still 
smaller input combinations can Produce the same level of output. 
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; Figure 14.5.3 illustrates neutral technological progress. Recalling the defini- 
tion, technological progress is neutral if at a constant capital-labor ratio the 
marginal rate of technical substitution of capital for labor is unchanged. The 
constant capital-labor ratio ray OR intersects the three isoquants at points A, B, 
and C, respectively. At these points, the slope of the isoquants — or the marginal 
rate of technical substitution of capital for labor—is the same. Hence it repre- 
sents a shifting production function characterized by neutral technological 
progress. 

Panels A and B, Figure 14.5.4, illustrate capital-using and labor-using tech- 
nological progress, respectively. Capital-using technological progress occurs 
when, at a constant capital-labor ratio, the marginal product of capital increases 
relative to the marginal product of labor. In other words, since the marginal rate 
of technical substitution of capital for labor is the ratio of the marginal product 
of labor to that of capital, capital-using technological progress occurs when the 
marginal rate of technical substitution declines along a constant capital-labor ray. 
As one moves from A to B to C in panel A, the slope of the isoquant diminishes, 
representing a decline in the marginal rate of technical substitution. Hence this 
panel depicts a shifting production function characterized by capital-using tech- 
nological progress. 

By the same line of reasoning, panel B illustrates labor-using technological 
progress because the marginal rate of technical substitution increases as one 
moves from A to B to C. 


i Technological Progress and Relative Factor Shares 
.5.e 


Observed changes in relative shares depend on changes in relative input prices 
and in the responsiveness of input proportions to these changes. Over time, 
changes in relative shares depend on the nature of technological progress as well, 
Indeed, this is evident from the definition of biased technological progress intro- 
duced in the subsection above.” : 

First, consider neutral technological progress. By definition, the capital-labor 
ratio and the marginal rate of technical substitution of capital for labor remain 
unchanged. Next, recall that in equilibrium, the marginal rate of technical substi- 
tution of capital for labor must equal the input-price ratio. Therefore the wage- 
rent ratio also remains unchanged. That is, both (K/L) and (w/r) are unchanged 


& 


“The relations among relative shares, changes in relative factor supplies, the elasticity of substi- 
tution, and the nature of technological progress can readily be developed mathematically. However, 
a mathematical treatment requires more space than is here available. For details, see C. E. Ferguson, 
“Neoclassical Theory of Technical Progress and Relative Factor Shares,” Southern Economic Journal 
34 (1968), pp. 490-504; and C.E. Ferguson, The Neoclassical Theory of Production and 


Distribution, Chapters 12 and 13. 
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by neutral technological progress. Consequently, relative shares are not affected 
by technological progress when the latter is neutral. 

Now suppose technological progress is capital-using. This implies that at a 
constant capital-labor ratio the marginal rate of technical Substitution, and hence 
the wage-rent ratio, declines. This is tantamount to saying that r increases 
relative to w while K/L is constant. The telative share of capital accordingly 
increases and thit of labor declines. 

By a similar line of reasoning, one may show that labor-using technological 
Progress causes a decrease in the relative share of capital with a corresponding 
increase in the relative share of labor, Summarizing, we have the following: 


Relations: The relative share of labor increases, remains unchanged, or 
decreases according as technological progress is labor-using, neutral, or 
capital-using; the opposite relation holds for the relative share of capital. 


As a final empirical note, there is some evidence that the American econ- 
omy has been characterized by labor-using technological progress over the post- 
war years. 


SYNOPSIS 


14.6 


€ The demand by a firm for one variable productive service (for example, 
labor) is given by the value of the marginal product of that factor to the 
firm. If the factor is.labor (L) with marginal product MP,, and if the firm 
sells output at price p, then the value of the marginal product of labor is 
VMP, = pMP,. If labor is the only variable input (short run), then labor 
will be demanded by the firm so as to Satisfy the condition VMP, = w, 
where w is the price of a unit of labor. 

m When more than one variable factor is involved, the demand for any one 
of them by an individual firm will be affected by substitution Opportunities 


firm’s demand for each variable factor is negatively sloped, as it is in the 
case of demand for one variable factor. f 
m The supply of labor may, in principle, be derived using indifference curve 
analysis if we assume the individual’s utility function depends both on 
money income and leisure. The analysis is ambiguous as to the shape of 
© the individual's labor Supply curve; however, in the long run, the market 
Supply curye of labor and other factors is likely to be positively sloped, 


o isen mmay, Brown and John $. de Cani, “Technological Changs in the United States 
1950-1960,” roductivity Measurement Review, no, 29 (May 1962), pp. 26-39; and C. E, ison, 
“Substitution, Technical Progress, and Returns to Scale,” American Economic Review, Papers and 
Proceedings 55 (1965), pp, 296-305, S 
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=Œ Quasi rents are the return to short-run fixed inputs. In long-run 
competitive equilibrium, the Clark-Wicksteed theorem shows that when 
each factor is paid its marginal physical product (for example, the wage 
paid to labor is MP, in output units), then the sum of the factor payments 
is exactly equal to total physical product; that is, factor payments precisely 
exhaust total product. 

@ When the production function is homothetic (a linearly homogeneous 
production function is a special case of a homothetic production function), 
there is a well-defined functional relationship between the marginal rate of 
technical substitution and the capital-labor ratio. Using this relationship 
one can define the elasticity of substitution. The numerical magnitude of 
the elasticity of substitution determines how relative factor shares will 
change in response to changes in relative factor prices, 

@ Technological change also can. affect relative factor shares, Hicks 
classified technological change as capital-using, neutral, or labor-using. A 
capital-using technological change is one that increases the marginal 
product of capital relative to the marginal product of labor at a given 
capital-labor ratio. Neutral and labor-saving technological changes are 
defined accordingly. To illustrate, it can be shown that capital-using 
technological change will increase the relative share of capital. 


APPENDIX 


|. THE CLARK-WICKSTEED THEOREM 


The proof of the theorem used here is attributable to Erich Schneider. in his 
Theorie der Produktion (New York: Springer-Verlag, 1935), pp. 19-21, Let the 
production function be 

q = f(xy Xap «+ + Xn) a) 
Where q is physical output and x; is the input of the ith productive service, Denote 
af /ax, by fı. Then from (1) we have 


dq = > fidi. (2) 
Increase all inputs by the constant proportion A. Thus 
dx, dx, dx, 


Azo aa < anr an m, (3) 
x Xi Xa 
Substitute (3) into (2), multiply by q, and divide by Aq, obtaining 


d- x (4) 
Tia Dix 
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Consider the term dq /Ag, which shows the relative change in output attributable 
to the same relative change in all inputs. This term may be called the function 
coefficient or the elasticity of the production function. (Schneider's term [Theorie 
der Produktion, p. 10) is ergiebigkeitsgrad.) The term elasticity of production is 
attributable to W. E. Johnson, “The Pure Theory of Utility Curves,” Economic 
Journal 23 [1913], p. 507. The term function coefficient is used by Sune Carlson, 
A Study on the Pure Theory of Production, Stockholm Economic Studies, no. 9, 
1939, p. 17.) Denote the function coefficient by €. Thus from (4) we have: 


qe = > fixi. (5) 


Thus competitive imputations (paying each input its marginal product) precisely 
exhaust the total product if, and only if, €e = 1. If there are constant returns to 
scale, € = 1; in this case average cost is also constant. But this is precisely the 
condition of long-run competitive equilibrium, in which output is expanded or 
contracted by the exit and entry of firms, each producing at the point of minimum 
long-run average cost. Thus, the Clark-Wicksteed theorem holds at the point of 
long-run competitive equilibrium—that is, 


q= fix (6) 
i 


is an equation holding only for the precise set of equilibrium inputs, not an 
identity holding for any set of values of the variables. 


ll. THE OUTPUT ELASTICITY OF PRODUCTIVE SERVICES 


Using the production function (1), the output elasticity of the ith productive 
service is defined as: 


Se fess ee 
OF mgr: “i 
The marginal product of x; is fi, and its average product is q /x;; hence, from (7) 
e = MP 
i AP; 


or, in words, the output elasticity of a productive service is the ratio of its 
marginal product to its average product. 
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1. The United States has a law that requires equal pay for women who perform the 
same job as-men in a given plant. What is the effect of this law on the wage and 
employment of men and women? 


Part Four Theory of Distribution 


2. “An increase in the income tax rate will induce laborers to work more since their 
net incomes will decline.” Discuss. 

3. “The completion of the marginal productivity theory of distribution was achieved 
only with the development of the proof that if all productive agents are rewarded 
in accord with their marginal products, then the total product will be exhausied.” 
Explain. 

4. Consider a model that rationalizes a person’s choice between income and leisure. 
If leisure is a normal good, the resulting supply of labor curve may be negatively 
sloped. Derive such a labor-supply function. How would the analysis be affected 
if we were to introduce a progressive income tax? If the wage rate for overtime 
work is 150 percent of the basic wage rate? 

5. How do the elasticity of substitution and the change in relative factor supply 
relate to changes in relative factor shares? 

6. “If the production function in a particular industry exhibits constant returns to 
scale, a tax imposed on the employment of one factor will in the short run 
increase that factor’s marginal product and in the long run will have nu effect.” 
Discuss. ; 

7. “Inputs A and B are used in the production of the same product. An increase in 
the price of A (due to a shift in A’s supply curve) will result in a decline in the 
price of B.” Discuss. 

8. “A is a product used in the production of B. Price control is imposed on the 
production of A but not B. The ceiling price imposed on A is less than the 
equilibrium price. This will result in a fall in the price of B.” Discuss. 

9. “Increasing the minimum wage to $4.65 per hour would have no effect outside 
the South if all workers earning less than $4.65 are located in the Sou He 
Discuss. 

10. Part of the following statement follows directly from price theory, part not. 
Separate into the components: “Southern wages are lower than wages in the North 
(even in the same industry) because southern workers have less education and the 
southern climate causes everybody to work at a slower pace. Southern plants 
typically employ less capital per man. So, all in all, southern workers are less 
efficient. They get paid less because they deserve less.” 
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CHAPTER 


Theory of Employment in 
Imperfectly cs coe 
Markets 


Was Reggie Jackson worth his 1982 California Angels salary of $975,000, or 
Fernando Valenzuela the $1 million he was paid by the Los Angeles Dodgers? 
We already know from the last chapter that the maximum amount employers 
in competitive markets are willing to pay-for any factor—be it a pitcher or a 
ton of steel—is the factor’s MRP, or as George Steinbrenner, owner of the 
New York Yankees, puts it, the increased revenue resulting from the 
additional “number of fannies he puts in the seats.” In this chapter we extend 
the previous analysis of input prices to conditions of imperfect competition, 
which many economists believe exists in professional sports. In baseball, for 
example, owners may be monopolists in the product market; that is, they 
might be the only baseball team in town. In addition, until the late 1970s, due 
to something called the reserve clause, a player was owned by his team. The 
team could sell or trade him, but the player was not free to offer his services 
to other teams. Under these conditions the owner can be viewed as the only 
demander of baseball players in the relevant input market. When there is a 
single buyer of an input, a “monopsony” is said to exist. 

What can we expect to happen to factor prices under such conditions? Are 
baseball players like Reggie Jackson and Fernando Valenzuela paid their 
MRP? The answer to the first question comprises the core of the theoretical 
material of this chapter. An explicit answer to the second has also been 
attempted by a number of economists. In the “Applying the Theory” section 
(“Are Professional Athletes Worth the Price?”)— which deals with the 
application of imperfect competition in factor markets to athletes’ 
salaries —these economists’ answers are considered in detail. m 
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APPLYING THE THEORY 


Is Reggie Jackson worth $975,000 per 
‘year? Or, for that matter, is Wayne Gretsky 
worth $825,000? Is John Elway, with his 
1983 B.A. in economics from Stanford, 
worth $900,000 to the Denver Broncos? 

In one sense, the answer is obviously 
yes. Those salaries are, after all, agreed to 
yoluntarily. But what determines how 
much someone is willing to pay for a 
player’s services? 

A firm will pay any factor of 
production —be it a ton of coal or a 
cornerback — up to the marginal revenue 
product of the factor. That marginal 
revenue product is simply the extra 
revenue attributable to hiring an additional 
unit of the factor. 

George Steinbrenner, owner of the New 
York Yankees, puts the point somewhat 
more colorfully; “You measure the value of 
a ballplayer by how many fannies he puts 
in the seats.” 

Howard University economist John 
Leonard estimates that Reggie Jackson put 

_as much as $1.5 million worth of fannies 
in the seats in 1982 —his first year with 
the California Angels, and their second 
year in the playoffs. 

The technique most commonly used to 
estimate the marginal revenue product of a 
player was developed by George Scully, 
an economist at Southern Methodist 
University. Writing in the December 1974 
American Economic Review, Mr. Scully 
estimated the factors that determined a 
baseball team’s total revenue in the 1968 
and 1969 seasons. 
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Mr. Scully found, not surprisingly, that 
a major determinant of team revenues was 
the percentage of games won. He estimated 
the relationship between winning and the 
batting and pitching skills of a team’s 
roster. By measuring an individual player's 
contribution to the team averages that 
determined winning, and then translating 
that contribution to an increase in the 
percentage of games won, Mr. Scully was 
able to measure the career marginal 
‘revenue products of players. 

The results were startling. Players did 
not earn their marginal revenue products. 
They earned far less. 

Table ISA gives Mr. Scully’s findings. 


Table 15A Career Marginal Revenue Products 
and Salaries 


| 


Hitters Net MRP Salary 
Mediocre =$ 124,300 $ 60,800 
Average 906,700 196,200 
Star 3,139,100 477,200 
Pitchers 

Mediocre =$ 53,600 $ 54,800 
Average 1,119,200 222,500 
Star 3,969,600 612,500 


He grouped hitters and pitchers into 
performance categories. His measure of net 
marginal revenue product subtracts costs 
such as training and transportation 
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associated with a single player from the 
marginal revenue product estimate. 

Mr. Scully assumed career lengths of 4, 7, 
and 10 years for mediocre, average, and 
star players, respectively. 

Star pitchers and hitters were 
handsomely paid; their annual salaries 
were about $50,000 per year (remember 
this was the 60s). But, in terms of their 
contributions to team revenues, they were 
grossly underpaid, receiving only about 15 
percent of their net marginal revenue 
products. 7 

Mr. Scully suggests the explanation 
of salaries so far below marginal revenue 
product lies in the theory of monopsony. Star hitters 
Under the “reserve clause” in effect then, 

a player was owned by his team. The team 
could sell or trade him, but the player was 


Monopsony Exploitation of Star Hitters 


Dollars 


not free to offer his services to other has the usual shape; the marginal factor 
teams, A player who wanted a baseball cost curve shows the increase in salary 
career could deal with only one team; that costs associated with hiring each additional 
team thus had monopsony power over the player. The demand curve, with star hitters 
player's services. as the only variable factor, is the marginal 
A monopsony team faces an upward- revenue product curve for these players. 
sloping supply curve for players of a Players, understandably, were unhappy 
particular category. That means that each with this arrangement. The reserve clause 
extra player of a given type requires more was challenged successfully by Andy 
money. That, in turn, is likely to drive up Messersmith in 1975. The first group of 
the wages paid to the players of that “free agents,” players now able to 
category the team already has. The result negotiate with other teams, was available 
is that the extra cost of an extra player is for the 1977 season. 
higher than that player’s actual salary. With competitive bidding for their ser- 
Figure 15A shows the result, using vices, the monopsony power of teams was 
Mr. Scully’s estimate of marginal revenue weakened. Salaries should have moved 
products and salaries of star hitters. The closer to marginal revenue products. 


supply curve facing a team for these hitters (continued on page 454) 
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(continued from page 453) 

They did. Paul. Sommers and Noel 
Quinton, of Middlebury College, reported 
their estimates of the marginal revenue 
products of 14 of these free agents in the 
Summer 1982 issue of the Journal of 
Human Resources [Table 15B]. Using 


Table 15B The 1977 Free Agents 


Hitters MRP 1977 Contract Cost 
Jackson $1,132,093 $580,000 
Rudi 286,044 440,000 
Matthews 577,978 312,500 
Baylor 579,310 274,167 
Grich 169,424 330,000 
Tenace 422.634 265,000 
Cash 557,257 256,667 
Bando 538,864 281,200 
Campaneris 433,702 202,000 
Pitchers 

Garland 282,091 230,000 
Gullett 340,846 349,333 
Fingers 303,511 332,000 
Campbell 205,639 210,000 
Alexander 166,203 166,677 


Mr. Scully's approach, they found that the 
salaries of hitters had increased to about 
half of marginal revenue products; pitcher 
salaries were about equal to estimated 
marginal contributions to team revenue. 
Professors Sommers and Quinton used 
the contributions of hitters to a team’s 
slugging average and of pitchers to the 
team’s strikeout to walk ratio to estimate 
individual contributions to revenues. A 
slugging average is the number of total 
bases divided by the number of times 
at bat. 


The poorer than expected performances 
of Bobby Grich and Joe Rudi were due to 
injuries, which caused them to miss part of 
the 1977 season. Sommers and Quinton 
were unable to say why pitcher salaries 
came so close to marginal revenue product, 
while hitter salaries continued to fall short. 

Morfépsony power still exists in 
baseball. Players are allowed to become 
free agents only after six years in the 
game. But the opportunity to be a free 
agent has clearly had a powerful effect on 
salaries. 

In a study reported at the Western 
Economic Association meeting last 
summer, Mr. Leonard estimated the same 
relationships for the 1982 season. He 
calculates that the monopsony gap has 
been closed still further; hitters had salaries 
averaging 75 percent of estimated marginal 
revenue product. 

According to Mr. Leonard, one of the 
most spectacular examples of monopsony 
exploitation of athletes is in college 
football. He argues that NCAA rules 
against paying players a salary can be 
viewed as a monopsony price-fixing 
scheme to keep player costs down. 

If that is its goal, it certainly succeeds. 
Mr. Leonard estimates that a star college 
football player, defined as an athlete that 
leads the national rankings in a category 
such as yards rushing or is named to an 
All-American team, has a marginal revenue 
product to his school of $100,000 per year. 
He is paid scholarship revenues of only 
about $5,000 per year. 

Mr. Leonard’s analysis of the monop- 
sony problem in college football is pre- 
sented in the October-December issue of 
the Eastern Economic Journal. 
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Mr. Leonard has tested for monopsony 
power in other sports as well. A profes- 
sional football player is, for example, 
eligible to become a free agent after five 
years. But, if another team hires him, it 
must offer compensation, in the form of 
players or draft choices, to the player’s 
present team. 

The result, Mr. Leonard says, is that 
almost no one changes teams until he is 
traded or released by his own team. 

Mr. Leonard's calculations suggest, for 
example, that running backs earn salaries 
equal to only a third of their marginal 
revenue products. On the other hand, he 
estimates that quarterbacks are overpaid. 

Mr. Leonard admits, however, that it is 
much harder to estimate an individual's 
contribution in a sport like football than it 
is in baseball. 

That has not stopped him from trying. 
Mr. Leonard estimates that basketball 
players also earn much less than their 
marginal revenue products; he finds that 
centers are the worse victims. 

The only sport in which Mr, Leonard 
finds players earning more than their 
estimated marginal revenue product is pro- 
fessional hockey —although he thinks 
Wayne Gretsky’s marginal revenue product 
is considerably greater than the $825,000 
that Sport magazine estimated he earned 
last year. 

Estimates of marginal revenue products 
are, necessarily, somewhat arbitrary. There 
is more to a hitter’s appeal than his 
slugging average, more to a quarterback 
than the number of touchdown passes 
relative to interceptions. But the work of 
economists studying sports salaries 
suggests quite clearly that the salaries paid 


professional athletes are not as outrageous 
as they may seem. To the extent that 
players are still subject to monopsony 
power, their salaries are still much lower 
than would prevail in a competitive market. 

Even management is beginning to admit 
the worth of top players. Detroit Tigers 
Manager Sparky Anderson, asked to 
comment on pitcher Bruce Sutter's 
$900,000 salary, said “I don’t think 
anybody’s worth that kind of money. But if 
anybody is, he is,” 


Questions 


1. Suppose tue MRP curve in Figure 15A 
is drawn under the assumption that 
baseball owners are monopolists in the 
product market; that is, there is only 
one supplier of baseball games in the 
relevant city. Draw the new MRP 
schedule that would result if instead, 
there were many suppliers of a product 
called “entertainment,” in which 
baseball games were just one of 
many alternatives. 


2. Use your altered Figure 15A diagram 


(from question 1) to demonstrate the 
monopolistic exploitation by baseball 
owners. Also show the monopsonistic 
exploitation by baseball owners. (See 
Figure 15.3.3 in the text for reference.) 
3. After 1975, a labor-relations ruling 
allowed certain players the right to 
become “free agents,” which meant 
that these players could sell their 
services to any team, Owners. who 
(continued on page 456) 
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APPLYING THE THEORY 


(continued from page 455) 
objected to the free-agent system, 
argued that it would harm the 
competitive balance among the teams 
by enabling the best and richest teams 
to grab up all the star players. 

a. If one team progressively loses star 
hitters to a competitor, what 
happens to the MRP of star hitters 
on each of the two teams involved? 

b. How does your answer to part (a) 
relate to the claim that “the best 
teams will grab up all the star 
players”? 

4. This question refers to the relationship 
derived in footnote 7 in the text of this 
chapter, namely that MEI = W(1 + 1/e) 
where e = elasticity of labor supply 
curve. According to the estimates of 
Mr. Scully reported in the article, star 
pitchers and hitters received a salary 
equal to only 15 percent of their (net) 
marginal revenue product. Assuming 
the owners were profit-maximizing 
monopsonists in the hiring of star 
pitchers and hitters, what does this 
imply about the elasticity of labor 
supply to such monopsonists? (Hint: 
Start with the assumption that 
profit-maximizing monopsonists will 
hire a given factor up 
to the point where the MRP = MEI.) 

5. This article has largely ignored the fact 
that baseball players have become 
unionized, and might actually bargain 
as a single group with baseball owners. 
Show that the following statement is 
correct: 


Unions in monopsonistic markets 
can eliminate the portion of total 


monopsonistic exploitation that is 
uniquely attributable to. monopsony 
in the labor market; however, the 
portion attributable to monopoly can 
in no way be eliminated by trade 
union activity. 


(Refer to the discussion in subsec- 
tion 15.3.3 and Figure 15.3.5 of the 
text for further help here.) 


Solutions 
1. MRP represents the net addition to 


total revenue attributable to the 
addition of one unit of the variable 
productive factor, or marginal revenue 
multiplied by the marginal physical 
product of the variable productive 
factor. Under conditions of perfect 
competition in the product market, MRP 
and VMP (MPP Xx market price) are 
equivalent since for a perfect 
competitor, the market price of the 
commodity equals marginal revenue. 
However, under conditions of 
monopoly in the product market, MRP 
is less than VMP, since for a 
monopolist, market price exceeds 
marginal revenue. 

If there were competition in the 
“entertainment” market instead of a 
monopoly, the actual MRP schedule 
(which would be equivalent to the VMP 
schedule under such conditions) would 
lie above the schedule displayed in 
Figure 15A of the article. The difference 
would be exactly the same as that 
shown in Figure 15.3.3 in the text. The 
value of marginal product curve shown 
in Figure 15.3.3 would be the actual 
MRP schedule under such conditions. 
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The MRP schedule shown in Figure 15A 
of the article (drawn assuming baseball 
owners are monopolists in the product 
market) would correspond to the curve 
labeled marginal revenue product in 
Figure 15.3.3. 


. See the discussion in subsection 15.3.d 


(“Monopsonistic Exploitation”) which 
refers to Figure 15.3.3. This discussion 
contrasts monopolistic exploitation 
(represented by distance RM in 

Figure 15.3.3) with monopsonistic 
exploitation (represented by distance 
RW in Figure 15.3.3). 


3. a. A player's marginal product (or 


increase in the number of fans that 
attend as a result of having him on 
the team) is not independent of the 
quality of other inputs being used. 
In the case of star baseball hitters, 
a given star’s MRP (MP X MR) 
depends on the number of other 
star players already on the team. 
Thus, the MRP of the remaining 
star hitters on the team that is 
losing them will rise. The MRP of 
the star hitters on the “competitor 
team” that is gaining them will 
fall. (If Valenzuela were on a team 
that had more excellent pitchers 
than the Dodgers, then attendance 
might not increase the 5,000 plus it 
has been estimated to increase on 
weeknights when he pitches. His 
MRP would be lower under these 
circumstances.) 

b. This claim by owners is dubious. 
The above analysis suggests that 
MRP’s of free agents will tend to 
be higher on teams with poor 


. Since profit-maximizing monopsonists 


records or who are located in areas 
with large potential markets. This 
prediction seems to be consistent 
with some of the initial evidence 
under “free agency.” In their text, 
Modern Labor Economics, 
Ehrenberg and Smith report (2nd 
ed. Glenview, Ill.: Scott, Foresman 
and Co., 1985, pp. 56-57) that 31 
of the first 46 “star quality” free 
agents signed with teams that had 
poorer records than the team they 
were on. Of the remaining 15, 7 
signed with teams located in larger 
markets. 


hire units of labor such that 

MRP = MEI, we can substitute MRP 
for MEI in the equation given in the 
question. Further, the wage is given as 
15 percent of MRP. Substituting these 
values into equation (15.7.7) in 
footnote 7 yields the following: 


(MRP) = (.15 MRP) X (1 + 1/e) 


If we solve this equation for e, the 
elasticity of the labor supply, it turns 
out to equal .15/.85, or .176. 


. See the analysis in section 15.3.¢ (and 


Figure 15.3.5) of the text. The quote in 
the question comes from this section of 
the text. ' 


Source: Timothy Tregarthen, “Are Athletes Worth 
the Price?” The Margin, November-1985, pp. 6-8. 
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INTRODUCTION 
15.1 


The analytical principles underlying the theory of resource price and employment 
are the same for perfectly and imperfectly competitive markets. Demand and 
supply determine market-equilibrium resource price and resource employment; 
and marginal productivity considerations are the fundamental determinants of 
demand. To be sure, some adjustments must be made to allow for the fact that 
commodity price and marginal revenue are different in imperfectly competitive 
markets. Thus the value of the marginal product of a variable service is not the 
relevant guide. Furthermore, imperfect competition in the resource buying mar- 
ket must be introduced. Hence two additions to marginal productivity theory are 
presented in this chapter. 


PS a EAR REO Rag eS ee ee 
MONOPOLY IN THE COMMODITY MARKET 


15.2 
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The first situation is that of a monopolist in the commodity market, or more 
generally an oligopolist or a monopolistic competitor, purchasing variable pro- 
ductive services in perfectly competitive input markets, Since the principle is 
precisely the same for all types of imperfect competition in the selling market, our 


attention is restricted to monopoly, except for subsection 15.2.d. 


Marginal Revenue Product 
15.2.a 


When a perfectly competitive firm employs an additional unit of, say, labor, 
output is augmented by the marginal product of that unit. In like manner, total 
revenue is augmented by the value of its marginal product inasmuch as market 
(selling) price remains unchanged. When a monopolist employs an additional unit 
of labor, output is also increased by the marginal product of the worker. However, 
to sell this larger output, market price must be reduced for all units sold; hence 
total revenue is not augmented by the value of the marginal product of the 
additional worker. A numerical example is given in Table 15.2.1. 

The first three columns of the table give the production function. Column 4 
shows the price at which the total product can be sold; hence columns 2 and 4 
give the demand function. Columns 5 and 6 contain the figures for total and 
marginal revenue, respectively. Finally, column 7 shows marginal revenue prod- 
uct, whose meaning and derivation must be explained, 

Suppose the monopolist is producing and selling 27 units of the commodity at 
$8.45 per unit. This rate of output and sales requires three units of the variable 
productive service. Now consider what happens if a fourth unit of the variable 


Service is used. Output increases to 34, or the marginal physical product of the 


fourth unit is 7. To sell 34 units Per period of time, the monopolist must decrease 
price to $7.94 per unit. Total revenue expands, but not by 7 X $8.45 or 
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Units of Selll 
Varlable Total inal Prica. Total Marginal Reana 
Service Product Product per Unit Revenue’ Revenue Product 
0 0 — a — — — 
1 10 10 $10:00 $100 $10 $100 
2 19 9 9.05 172 8 72 
3 27 8 8.45 228 7 56 
4 34 7 7.94 270 6 42 
5 40 6 7.50 300 5 30 
6 45 5 741 320 4 20 
vf 49 4 6.78 332 3 12 
8 52 3 6.44 335 1 3 
9 54 2 6.20 335 0 0 
10 55 1 6.05 333 -2 =2 


*Rounded to nearest dollar. 


7 X $7.94. Total revenue expands by only $42; so on average, marginal revenue 
is $6. The addition of a unit of the variable service expands revenue, therefore, 
by the product of marginal revenue and marginal product, or by the increase in 
total revenue attributable to the addition of the marginal product (not one unit) to 
output and sales. This magnitude is called the marginal revenue product of the 
variable service. 

An alternative arithmetic derivation of marginal revenue product may be 
helpful. When labor input expands from 3 to 4 units, output and sales expand by 
7 units (from 27 to 34). Consequently, one might say that the gross increase in 
revenue attributable to the fourth unit of labor is 7 x $7.94 which, rounded, 
equals $56. That is, the gross increase equals the increase in output multiplied 
by the new market price per unit of output. However, when output expands, 
market price falls by 51 cents, from $8.45 to $7.94. Therefore, the 27 units that 
had been selling at $8.45 must now be sold at $7.95; thus 27 X 51 cents, or, 
rounded, $14 must be deducted from the gross increase in revenue. As a result 
the net increase in revenue, or the marginal revenue product of the fourth unit of 
labor, is $56 — $14, or $42.! 


. 'A simple algebraic demonstration that marginal revenue product equals marginal revenue 
multiplied by marginal physical product is also revealing. Let MRP, TR, TP, MPP, and L denote 
marginal revenue product, total revenue, total product, marginal physical product, and labor 
input, respectively. Also, as customary, let A denote “the change in.” 


By definition (in the text) 
ATR 
=_—. (15.1.1) 
MRP aL 
From the definition of marginal revenue (MR = ATR/ATP), one may write 
ATR = MR X ATP. (15.1.2) 
(continued on page 460) 
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[marginal Revenue Product: Marginal revenue product equals marginal 
revenue multiplied by the marginal physical Product of the variable productive 
service; or, marginal revenue product is the net addition to total revenue 
attributable to the addition of one unit of the variable productive service. } 


Before utilizing marginal revenue product to determine the monopolist’s de- 
mand for a variable productive service, it may be well to show a graphical de- 
rivation of marginal revenue product. Panel A, Figure 15.2.1, shows a smooth 


(continued from page 459) 


Similarly, from the definition of marginal physical product (MPP = ATP/AL), the change in labor 
input may be expressed as 


AL = —, (15.1.3) 


Substituting expressions (15.1.2) and (15.1.3) in (15.1.1), the definition of marginal revenue product 
is obtained: 


MR x ATP 
ATP 
MPP 
x A Toone directly mathematical derivation may be given. Let the demand function in inverse 
form 


MRP = 


= MR X MPP. (15.1.4) 


P=hg). h' <0, (15.1.5) 
Thus total revenue is 
TR = gh(q), (15.1.6) 
and marginal revenue is N 
$ MR = h(q) + gh'(q). (15.1.7) 
The production function, assuming only one variable input x, is 
=f), f'>0. (15.1.8) 


By definition, marginal revenue Product is the change in total revenue attributable to a small (say, 
unit) change in input. Thus 


_ ATR) 
MRP = (15.1.9) 
From (15.1.6), we find 
: dq rda 
MRP = h(q)— + gh o (15.1.10) 


From (15.1.8), dg/dx = f'(x). Hence we have 
MRP = [h(q) + gh'(q)]f'(x). 05.1.11) 
By (15.1.7) and (15.1.8), 
MRP = MR "MP . (15.1.12) 
1f there is a multi-input production function, f'(x) is replaced by af/ax, f input. - 
tion (15.1.10) becomes 3 = «Sete let odie eee 


ð 
MRP, = [h(g) + wor” (15.1.13) 


MRP, = MR x MP, . (15.1.14) 
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Figure 15.2.1 Derivation of the Marginal Revenue Product Curve for a Single Productive Service 
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production function for a certain commodity whose production requires the 
input of only one variable service. Suppose the monopolistic seller initially uses 
24 units of the variable service, thereby producing 100 units of output. At that 
point, marginal product is 5 units. 

Panel B shows the demand and marginal revenue curves that confront the 
monopolist. When 100 units are sold, price is $6 per unit and marginal revenue 
is $3. Hence marginal revenue product of the 24th unit of the variable service is 
5 X $3 or $15, plotted as point A in panel C. Now let the monopolist add an 
additional unit of the variable service, Output increases to 102 units per period, 
and the marginal physical product of the 25th unit of variable service is 2. When 
Output expands to 102 units per period, the monopolist must reduce the selling 
price to $5.92 per unit to clear the market. Hence marginal revenue declines to 
$2 per unit. As a consequence, when 25 units of the variable service are em- 
ployed, marginal revenue product becomes 2 x $2, or $4, plotted as point B in 
panel C. 

Performing this operation for all feasible levels of employment generates 
the marginal revenue product curve. It obviously slopes downward to the right 
because two forces are working to cause ‘marginal revenue product to diminish 
as the level of employment increases: (a) the marginal physical product declines 
(over the relevant range of production) as additional units of the variable service 
are added, and (b) marginal revenue declines as output expands and market 
price falls. 


irc ould Demand for a Single Variable Service 


The marginal revenue Product curve is also shown in the figure; our task is to 
Prove the following: 


Proposition, An imperfectly competitive producer who Purchases a variable 
Productive séfvi i 


curve for the variable service when only one variable input is used. ~) 
-i 


Given the market price OW, our task is to prove that equilibrium employment 
is OV. Suppose the contrary; in particular, that Ov, units of the variable service 
are used. At the Ov, level of utilization, the last unit adds Ow, to total revenue 
but only OW to total cost. Since Ow, > OW, profit is augmented by employing 
that unit. Furthermore, Profit increases when additional units are employed so 
long as marginal revenue product exceeds the market equilibrium price of the 
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Figure 15.2.2 Monopoly Demand for a Singl 
Variable Service FHN ENA: 
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input. Thus a profit-maximizing monopolist would never employ fewer than Ov 
units of the variable service. The opposite argument holds when more than Ov 
units are employed, for then an additional unit of the variable service adds more 
to total cost than to total revenue.|Therefore, a profit-niaximizing monopolist will 
adjust employment so that marginal revenue product equals market equilibrium 
input price. |If only one variable productive service is used, the marginal revenue 
product ctitye is the monopolist’s demand curve for the variable service in 
te 


2n the notation of footnote 1, let the demand and production functions be given, respectively, by 
p=hqg), h'<0; g=f), f'>0. (15.2.1) 
Let the competitively given price of the input be w. Thus total profit (7) may be written 


m=pq-wx-F, (15.2.2) 
where F is fixed cost. Using (15.2.1), we may rewrite (15.2.2) as 

m = hfaa) — wx — F. (15.2.3) 
Maximizing profit, one obtains 

dr dpdq _ dq 

=f) — px -ywy= 15.2.4 

ae IO) ax a east 0, ( ) 

N Ea 15.2.5 

CADE w=0. (15.2.5) 
This may be written as 

{h(q) + gh'(q)]f'(x) =w. (15.2.6) 


This establishes the relation in the text, that is, MRP = w. It is further interesting to note that using 
the expression for marginal revenue developed in Part 3, we may write 


of: = tyro =w, (15.2.7) 


showing the relations among commodity price, factor price, elasticity of demand, and the produc- 
tion function. 
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Monopoly Demand for a Variable Production 
Sa Wek Se Varlable Inputs Are Used 
15.2.c 


When more than one variable input is used in the production process, the mar- 
ginal revenue product curve is not the demand curve for the reasons discussed in 
Chapter 14. However, the demand curve can be derived just as it was derived in 
that chapter. 

Suppose, as in Figure 15.2.3, that at a-given moment the market input price 
of a particular variable service is Ow, and that its marginal revenue product is 
given by MRP,. The monopolist attains equilibrium employment at point A, 
using Ov, units of the variable service. Next, let the price of the service fall to 
Ow, (because, for example, the market supply curve for the input shifts to the 
right). Other things being equal, the monopolist would expand along MRP, to A’ 
in panel A. But other things are not equal. 

Substitution, output, and profit-maximizing effects exist, as explained in 
Chapter 14. Exactly the same analysis applies to a monopolist or set of oli- 
gopolists as applies to a set of perfectly competitive producers. The substitution, 
output, and profit-maximizing effects, on balance, cause a shift of the marginal 
revenue product curve, which may be outward, inward, or twisted. Panel A, 
Figure 15.2.3, illustrates the first mentioned: panel B illustrates the last men- 
tioned. In any event, as in Chapter 14, the fall in marginal revenue cannot 
completely offset the expansive forces. The factor demand function must be 
negatively sloped.’ 

The results of this section may be clearly summarized in the following: 


Proposition: Input demand curves are negatively sloped regardless of the 
market organization in the product market. 


er Demand for a Variable Productive Service 


If a group of monopolists uses a variable productive service, the market demand 
for the service is simply the sum of the individual demands of the various 
monopolists. There are no external effects of expanded output on price; the effect 
of expansion is internal to each monopolist and has already been considered in 
obtaining his or her individual demand curve. Similarly, if all sorts of producers 
use the variable service, the market demand curve is the sum of the various 


For proofs, see C. E. Ferguson, “Production, Prices, and the Theory of Jointly Derived Input 
Demand Functions,” Economica, N.S. 33 ( 1966), pp. 454-61; C. E. Ferguson, “ ‘Inferior Factors’ 
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Figure 15.2.3 | Monopoly Demand for a Variable Productive Service When Several Variable Services Are Used 
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component industry aS curves, where the industries may be composed of 
any number of firms, However, a minor qualification is required in cases of 
oligopoly and monopolistic competition. Since the situation is the same in both 
cases, only monopolistic competition is considered. 

The demand curve for a variable service on the part of any one monopo- 
listically competitive producer is derived in the same way as a monopolist’s 
demand curve. But when all sellers in the product group expand output, market 
price diminishes (along Chamberlin’s DD’ curve), just as in a perfectly com- 
petitive industry. Thus to obtain the market demand from individual demand 
curves one must allow for the decrease in market price and marginal revenue. 
Graphically, thé derivation is exactly like that in Figure 14.2.5, except that the 
individual demand curves are based on marginal revenue product rather than the 


value of the marginal product. 


Equilibrium Price and Employment 

15.2.e 

The analysis of market equilibrium price and employment of a variable agent is 
no different whether the employers are monopolists or perfectly competitive 
producers. The determination of quasi rents is also the same; thus the discussion 
of Chapter 14, subsections 14.4.a and 14.4.b, applies equally well in the present 


context. 
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While the analysis does not change, there is one important difference to bear 
in mind: in cases of monopoly the demand curve is based on the marginal revenue 
product of the variable productive service rather than on the value of its marginal 
product. This gives rise to what is sometimes called monopolistic exploitation.‘ 


- 


Monopolistic Exploitation 


E According to Robinson's definition, a productive service is exploited if it is 
employed at a price that is less than the value of its marginal product.’ As we have 
seen in Chapter 14 and in the foregoing portion of this chapter, it is to the 
advantage of any individual producer (whether monopolist or competitor) to hire 
a variable service until the point is reached at which an additional unit adds 
precisely the same amount to total cost and total revenue. This is simply the input 
market implication of profit maximization. 

When a perfectly competitive producer follows this rule, a variable service 
receives the value of its marginal product because price and marginal revenue are 
the same. This is not true, however, when the commodity market is imperfect. 
Marginal revenue is less than price, and marginal revenue product is correspond- 
ingly less than the value of the marginal product. Profit-maximizing behavior of 
imperfectly competitive producers causes the market price of a productive service 
to be less than the value of its marginal product. 

If the market price of the commodity reflects its social value. the productive 
service receives less than its contribution to social value, Raising the input price 
is not a remedy, however, because producers would merely reduce the level of 
employment until marginal revenue product equaled the higher input price. The 
trouble initially lies in the fact that imperfectly competitive producers do not use 
as much of the resource as is socially desirable and do not attain the correspond- 
ingly desirable level of output. The fundamental difficulty rests in the difference 
between price (marginal social valuation) and marginal (social) cost at the profit- 
maximizing output. Thus, so long as imperfectly competitive producers’ exist 
there must be some “monopolistic exploitation” of productive agents. 

The significance of this “exploitation” can easily be exaggerated. Following 
Chamberlin, product differentiation “is desired per se; and whenever there is 
differentiation, price and marginal revenue diverge so that exploitation is inevi- 
table. Furthermore, the alternatives to exploitation are not attractive, Either there 
must be state ownership and operation of all nonperfectly competitive industries 
or else there must be rigid price control by the state. For a variety of reasons, 
either alternative is likely to raise more problems than it solves.° 7 


“This term is apparently attributable to Joan Robinson. See her Economics of Imperfect Com- 
petition (New York: Macmillan, 1933), pp- 281-91. 


‘Ibid. p. 281. 


“Cf. C.E. Ferguson, A Macroeconomic Theory of Workable Competition (Durham, N.C.: Duke 
University Press, 1964). 
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oo MONOPOLY IN THE INPUT MARKET 


The analysis of pricing and employment of productive services has so far rested 
on the assumption that each producer (buyer of the service in question) cannot 
affect the market price of the service by changes in his or her utilization of it. This 
assumption obviously does not hold in all situations. There are sometimes only 
a few, and in the limit one, purchasers of a productive service. Where’there is a 
single buyer of an input, a monopsony is said to exist; if there are several buyers, 
oligopsony is the proper designation. 

A wide variety of categories can be classified. Broadly speaking, commodity 
markets may be perfectly competitive, monopolistically competitive, oligopolis- 
tic, or monopolistic. For each of these four types of commodity market organiza- 
tions, the input market can be either a monopsony or an oligopsony. However, 
the analytical principle is the same irrespective of the organization of the com- 
modity and input markets (so long as there is not perfect competition in the input 
market). Thus we restrict our attention to the case in which there is monopoly in 
the commodity market combined with monopsony in the input market. 


Marginal Expense of Input 
15.8 a K 


The supply curve for most productive services or production agents is positively 
sloped. A buyer in a perfectly competitive input market views the supply of input 
curve as a horizontal line because such a buyer’s purchases are so small, relative 
to the market, that they do not perceptibly affect market price/ A monopsonist, 
however, being the only buyer in the market, faces a positively sloped market 
supply of input curve. As a result, changes in the volume of purchases do affect 
input price; as input usage expands, input price increases. The monopsonist, 
therefore, must consider the marginal expense of purchasing an additional unit 
of a variable productive agent. | i 

Computation of the marginal expense of input is shown in Table 15.3.1, and 
the supply and marginal expense of input curves are illustrated in Figure 15.3.1. 
Columns | and 2 show the supply curve, plotted as the right-most curve in 
Figure 15.3.1. When only one unit of the variable agent is employed, its cost is 
$2; thus the total cost of the input, and total variable cost when only one agent 
is used, is also $2. If two units are used, the supply price per unit is $2.50, total 
cost of the input $5, an increase of $3 over the previous total cost, even though 
the price per unit increased by only 50 cents. In other words, hiring an additional 
unit of input increases total cost by more than the price of the unit because all 
units employed receive the new, higher price. 

The marginal expense of input, the left-most curve in Figure 15.3.1, is calcu- 
lated by successive subtraction in the “total cost of input” column. Since the price 
unit rises as employment increases, the marginal expense of input exceeds its 
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1 $2.00 $ 2.00 = 
2 2.50 5.00 $ 3.00 
3 3.00 9.00 4.00 
4 3.50 14.00 5.00 
5 4.00 20.00 6.00 
6 4.50 27.00 7.00 
7 5.00 35.00 8.00 
8 5.50 44.00 9.00 
9 6.00 54.00 10.00 
10 6.50 65.00 11.00 


Figure 15.3.1 Marginal Expense of Input 
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Supply of input 
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Supply and marginal expense of input 
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Price at all employment levels; and the marginal expense of input curve is 
positively sloped, lies to the left of the supply of input curve, and typically rises 
more rapidly than the latter.’ “J 


"These statements can easily be proven. Let the input-supply function in inverse form be 
w= g(x), s (15.7.1) 


where w is input price, x is the quantity of the input supplied, and g’(x) = dw/dx > 0 by assump- 
tion (that is, the input supply curve is positively sloped). Total variable cost is 


C(x) = wx = xg(x). (15.7.2) 
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(marginal Expense of Input: The marginal expense of input is the increase in 
total cost (and in total variable cost and in total cost of input) attributable to the 
addition of one unit of the variable productive agent. sip 


Price and Employment under Monopsony When One 
Yanable Input Is Used 


[The market demand curve for a productive service is the demand curve of the 
single buyer under monopsony conditions. Furthermore, if only one variable 
input is used in the production process, the demand curve is the monopsonist’s 
marginal revenue product curve. Confronting the monopsonist is the positively 
sloped supply of input curve and the higher marginal expense of input curve. The 
situation is illustrated in Figure 15.3.2. Using this graph we will prove the 
following: 


Proposition: A profit-maximizing monopsonist will employ a variable 
productive service until the point is reached at which the marginal expense of 
_input equals its marginal revenue product. The price of the input is determined 

by the corresponding point on its supply curve. 


By definition, the marginal expense of input is 
d 
MEI = ae = gle) + 9°) = w +x (15.7.3) 


Since S > 0 by assumption, a comparison of (15.7.1) and (15.7.3) shows that the marginal 
expense of input curve must lie above the`input supply curve for each quantity supplied. Usually, 


the MEI curve is positive and rises more rapidly than the input supply curve. The slope of the latter 


is g'(x), while the slope of the former is given by 


a = 2g'(x) + xg"(x). (15.7.4) 


Thus MEI must be positive and have the steeper slope unless the input supply curve is very concave 
(that is, g” < 0 and large in absolute value). 

Finally, we may relate the MEI to input price and input-supply elasticity in the same way that 
marginal revenue is related to commodity price and the elasticity of commodity demand. By defini- 
tion, the elasticity of input supply is 


= zr, (15.7.5) 
Now write (15.7.3) as 
MEI = w + 2 = o(1 S; er). (15.7.6) 


Using (15.7.5) in (15.7.6), one obtains 
MEI = of: $ 4). (15.7.7) 
When the input-supply curve is perfectly elastic, @ > % and MEI = w, that is, monopsony does 
not exist. 
Exercise: State and explain all of the relations between MR = (1 — 1/n) and 


wer o(1+). 
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Figure 15.3.2 P-ice and Employment under 
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The proof of this proposition follows immediately from the definitions of 
marginal revenue product and marginal expense of input. Marginal revenue 
product is the addition to total revenue attributable to the addition of one unit of 
the variable input; the marginal expense of input is the addition to total cost 
resulting from the employment of an additional unit. Therefore, so long as mar- 
ginal revenue product exceeds the marginal expense of input, profit can be 
augmented by expanding input usage. On the other hand, if the marginal expense 
of input exceeds its marginal revenue product, profit is less or loss greater than 
if fewer units of the input were employed. Consequently, profit is maximized by 
employing that quantity of the variable service for which marginal expense of 
input equals marginal revenue product. : 

This equality occurs at point E in Figure 15.3.2; OV units of the service are 
accordingly employed. At this point the supply of input curve becomes particu- 
larly relevant. OV units of the variable productive agent are associated with point 
E' on the supply of input curve. Thus, OV units will be offered at OW per unit. 
Hence, Ow is the market equilibrium input price Corresponding to market equi- 
librium employment o") 


“This proposition may easily be proved by using footnotes 1 and 7, Summarizing, 
p =h). 9 =f(x), and w = g(x) (15.8.1) 


are the commodity demand function, the production function, and the input-supply function, re- 
spectively. Ignoring fixed cost, the profit function is 


m = pq — wx = qhiq) — xg(x) = f(x)hLf(x)] — xe(x). (15.8.2) 
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` Price and Employment under Monopsony When 


Several Variable Inputs Are Used 
15.3.c 


To secure the least-cost combination of variable inputs, an entrepreneur must 
employ productive services in such proportion that the marginal rate of technical 
substitution equals the input-price ratio. But this proposition holds if, and only 
if, the inputs are purchased in perfectly competitive markets. Otherwise, a change 
in input composition entails a change in relative input prices. 

Let us illustrate this algebraically. Suppose there are two variable inputs, 
capital (K) and labor (L). Denote the marginal physical products by MPx and 
MP, and their market prices by r and w respectively. If the input markets are 
perfectly competitive, the least-cost combination rule requires that 


MPk_ r 

WP, Sw (15.3.1) 
Stated alternatively, 

MPS MEL (15.3.2) 

Gr w 


Equation (15.3.2) implies that the marginal product per dollar spent on each input 
must be the same. The reason for this rule is that marginal physical product 
represents the additional revenue, and input price the additional cost attributable 
to the input. This holds for both competitive and monopolistic commodity mar- 
kets; price changes as output changes in monopoly markets, but the price change 
is the same whether output is expanded by increasing the employment of capital, 
the employment of labor, or both. s 

The proposition stated in equation (15.3.2) is fairly obvious, but it might be 
well to discuss it some more. Suppose 


MPk MPi ` (15.3.3) 
r w 


‘The entrepreneur determines the amount of the variable input so as to maximize profit: 


am FHJ AD ayfa) = glx) = e'h) = 0, (15.8.3) 
dx dq 
or 
dh 
[o + A = [g(x) + xg'Q)). (15.8.4) 


By footnote 1, the left-hand side of (15.8.4) is marginal revenue product, By footnote 7. the 
right-hand side is the marginal expense of input. Thus the theorem is proved. 
Also using footnotes | and 7, we may write this relation as 


ol - iyo = u(1 + 4). y (15.8.5) 


Exercise: State and explain the interesting relations implicit in equation (15.8.5). 
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By inequality (15.3.3), a dollar's worth of capital contributes more to output than 
a dollar's worth of labor, at the present capital-labor ratio. If the input markets 
are perfectly competitive, rates of employment can be changed without affecting 
input prices. Therefore the entrepreneur would substitute capital for labor so as 
to obtain the same output for less cost. Because of this substitution, the marginal | 
product of capital declines and the marginal product of labor increases. With 
market determined r and w, the entrepreneur will continue the substitution until 
equality (15.3.2) is established. 

If the input markets are monopsonistic, changes in the volume of employment 
cause corresponding changes in input prices. In particular, the entrepreneur must 
look to the marginal expense of input (ME/) rather than its market price when 
making employment decisions. Consider labor only, for the moment. An addi- 
tional unit adds its marginal product to output, but it does not add w to total cost; 
instead, with a positively sloped input supply curve, it adds its marginal expense 
MEI. 

Suppose the capital-labor ratio in production at a given moment is such that 


MP, _ MP, 
si, 2.3, 
MElx MEL go 


Inequality (15.3.4) has the following meaning: at the prevailing input combina- 
tion, an entrepreneur can obtain a greater increase in output per additional dollar 
of cost by employing capital rather than labor. Consequently, the entrepreneur 
can maintain the same output but reduce cost by substituting capital for labor. As 
a result of this substitution, two forces work to bring about an equality: as the 
employment of capital expands and that of labor declines (a) the marginal prod- 
uct of capital declines and that of labor increases and (b) the marginal expense 
of input of capital rises and that of labor declines, Since the entrepreneur can 
reduce cost so long as the inequality in expression (15.3.4) prevails, capital will 
be substituted for labor until 


MPx _ MP, 
Ere ae (15.3.5) 


When equality (15.3.5) obtains, no change in input composition will reduce 
cost. Consequently, we have demonstrated the following:? 


"The proof of this Proposition is accomplished by an easy extension of footnote 8, Let 
P=h@, G=f(K,L), r=g(K), (w= m(L) (15.9.1) 


be the commodity demand function, the production function, the supply of capital function, and the 
labor-supply function, respectively. The profit function is, accordingly, 


m = qhiq) — Kg(K) — LmiL). (15.9.2) 
The Fir a adjusts both inputs so as to maximize profit: 
- ðm dh af af ; 
ak Igoak Ozge -Ke (K)=0, (15.9.3) 
ðn dh of of 
aL "dq aL + dT m(L) — Lm'(L) = 0, (15.9.4) 
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Proposition: A monopsonist who uses several variable productive inputs 
will adjust input composition until the ratio of marginal product to marginal 
expense of input is the same for all variable inputs used. The least-cost 
combination is accordingly obtained when the marginal rate of technical 
substitution equals the marginal expense of input ratio. 


In the two-input situation, we have 


MP, _ MEI, 
MPx MElk 


(15.3.6) 


Thus one sees that rule (15.3.1) for perfectly competitive input markets is a 
speciai case of rule (15.3.6); rule (15.3.1) is valid because in perfectly com- 
petitive input markets, the marginal expense of input is precisely equal to its 
market price.” 


or 


{gh'(q) + Kal = g(K) + Kg'(K), (15.9.5) 


lah'a) + WZ = iL) + Lm’. 1159.6 


‘The two equations just above state that the marginal revenue product of each input must equal its 
marginal expense of input. Taking the ratio of the two equations and canceling the marginal revenue 
term yields 

MPx _ MElx 8.5.) 


MP, MEI.” 
Transforming (15.9.7) yields the relation stated in the text. 


"An important matter is here relegated to a footnote because even a graphical exposition requires 
some mathematics. But note: The student, whether mathematically trained or not, should read this 

tnote. 
fe The relation in equation (15.3.6) in the text states that the marginal rate of technical substitution 
of capital for labor equals the ratio of their marginal expenses of input. This is the “rule” for optimum 
input proportions. As explained in the text and in footnote 9, the rule is based on profit maximization. 
It can, of course, be so based. But the important point is that this rule can be established on the much 
weaker assumption that entrepreneurs minimize the cost of producing a given output or maximize the 
output obtainable from a given expenditure on resources. f } 

Just as in Chapter 7, this may be shown graphically by use of isoquants and isocost curves, The 
mathematics enters in showing that the isocost curve is not a straight line. Everything else follows 
from the definitions introduced above. 


Exercise; For mathematically trained students only. Suppose T is spent on resources Thus 
the isocost curve is Kg(K) + Lm(L) = T. Show the following relations: (a) the isocost curve 
is “usually” concave, but may be convex if an input supply. function is negatively sloped; 
(b) the “rule” stated in equation (15.3.6) mathematically, (c) if an input-supply function. is 
negatively sloped, economically efficient operation may require the entrepreneur to produce 
in the technologically inefficient region (that is, the region in whictrone marginal product is 


negative) 
cise: Give an economically rational explanation of (c) above i 
BESES for exercises: Ferguson, Neoclassical Theory of Production, Chapters 8 


and 9. 
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Monopaonistic Exploitation 


E In subsection 15.2.f it was shown that monopoly in the commodity market leads 
to “monopolistic exploitation” in the input market. Monopolistic exploitation 
exists in the sense that each productive service is paid its marginal revenue 
product, which, because of the negatively sloped commodity demand curve, is 
less than the value of its marginal product. Each unit of resource receives the 
amount that, on average, it contributes to the firm’s total receipts; but the units 
of resources do not receive the values of their marginal products. 

Monopsonistic exploitation is something in addition to this, as illustrated by 
Figure 15.3.3. The figure is constructed to cover a variety of cases; the curves 
would doubtlessly change as the type of market organization changes. However,’ 
allowing for this, Figure 15.3.3 is a schematic device for illustrating monopo- 
listic and monopsonistic exploitation. 

First, suppose both the commodity and input markets are perfectly com- 
petitive. The value of the marginal product curve is the industry demand for input 
curvé."" As you will recall, it is not the direct sum of the individual curves; 
however, it does represent the value of the input’s marginal product to the 
industry as a whole. Demand and supply intersect at point A, each unit of input 
receiving the market value of its marginal product. 

Next, let the commodity market be monopolistic, while the input market is 
perfectly competitive. The marginal revenue product curve represents the col- 
lection of monopoly demand curves (just as the value of the marginal product 
curve represents the collection of individual demand curves). Equilibrium is 
attained at point B. The difference between the wage rates corresponding to points 
A and B (OR — OM = RM) is the “monopolistic exploitation” of the input. 
Because of monopolistic exploitation, fewer units of the input are employed and 
the unit price of each is less. Nonetheless, each unit of input receives an amount 
equal to what its employment adds to total receipts. 

Finally, suppose there is monopoly in the commodity market and monopsony 
in the input market. Equilibrium is attained at C, at a still lower price and 
employment level. Monopsonistic exploitation is represented by the difference 
between points A and C, or by the difference in input prices between the com- 
petitive and monopsonisiic equilibria (OR — OW = RW). The portion RM is 
attributable to monopoly in the commodity market; it is not unique to monop- 
sony. The additional portion MW, however, is uniquely attributable to monopsony 
(or more generally, to oligopsony). The existence of the differential MW is 
caused bythe fact that each unit of input contributes OM to total receipts but 


"The concept of a VMP curve for an industry is somewhat ambiguous. For a firm it is clear: it 
is the input's marginal product multiplied by the constant (to the firm) commodity price. For an 
industry it is somewhat different. For each level of employment and output, industry VMP is the 
marginal product of the input (efficient operation of firms assures equality among firms) multiplied 
by the market price associated with that level of output. Of course, market Price decreases as output 
increases; and the various marginal products are multiplied by the relevant, bur changing, market 
price. 
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Figure 15.3.3 Monopsonistic Exploitation 
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receives only OW in return. Thus the chief feature of monopsonistic exploitation 
is that each unit of input does not receive in pay an amount equal to its con- 
tribution to total receipts. % 

In subsection 15.2.f, it was indicated that while monopolistic exploitation 
could be removed, the “cure” might be worse than the “disease.” Indeed, within 
a free enterprise economic system, monopolistic exploitation is bound to arise. 
Even bona fide product differentiation causes this type of “exploitation.” The 
same is not true of monopsonistic exploitation. Countermeasures exist, and they 
are not fundamentally destructive to a free enterprise system. | 


|  Menopsony and the Economic Effects of Labor Unions 
15.3.e 


A study of labor unions and of the collective-bargaining process, even on a 
purely theoretical level, is beyond the scope of this work.” However, the issue 
of monopsonistic exploitation allows one briefly to indicate the economic effects 
of labor unions. Consider any typical labor market with some kind of supply-of- 
labor curve; for simplicity, assume that it is positively sloped. If the workers in 
this market are unionized, the union fundamentally has one power to exert: it can 
make the effective supply-of-labor curve a horizontal line at any wage level it 
wishes, at least until the horizontal line reaches the existing supply curve. Thus 
the marginal expense of input is the same as-the supply price of labor over the 
horizontal stretch of the union supply curve.\ That is to say, the union can name 
a wage rate and guarantee the availability of workers at this price," Eram 


pona = 


®For an excellent theoretical treatment, see Allan M. Cartter, Theory of Wages and Employment 
(Homewood, Ill.: Richard D. Irwin, 1959), pp. 77-133. 
This is, of course, an heroic oversimplification, but it is a useful one for analytical purposes. 
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To introduce this topic, let us suppose the labor market in question is perfectly 
competitive (large number of purchasers of this type of labor) and unorganized. 
The situation is depicted in panel A, Figure 15.3.4, where D; and S, are the 
demand for and supply of labor, respectively. The market equilibrium wage rate 
is OW, and OQ units of labor are employed. Each individual firm (panel B) 
accordingly employs Og units. Next, suppose the labor market is unionized. If 
the union does not attempt to raise wages, the situation might remain as it is. 
However, scoring wage increases is the raison d’étre of unions. Thus, suppose 
the bargaining agency sets OW, as the wage rate; in other words, the union 
supply-of-labor curve W, S, S, is established. OQ, units of labor are employed, 
each firm taking Oq, units. The result is a rise in wages and a decline in 
employment. In perfectly competitive input markets, this is all unions can do. 

This does not necessarily mean a union cannot benefit its members. If the 
demand for labor is inelastic, an increase in the wage rate will result in an in- 
crease in total wages paid to the workers, even though the number of workers 
employed is less. If the union can somehow equitably divide the proceeds of 
OQ, employed workers among the OQ potential workers, all will benefit. Such 
a division is easy to achieve. Suppose OQ, = 200 and that a 40-hour week 
characterizes the market. Then OQ, units of labor can be furnished by having OO 
units work a 20-hour week. 

The other side of the coin is worth noting, however. If the demand for labor 
is elastic, total wage receipts will decline and the union cannot compensate the 
Q.Q workers who are unemployed because of the increase in wage rates. 
Thus, in perfectly competitive labor markets, labor unions are not an unmiti- 
gated blessing.'* 

In monopsonistic or oligopsonistic markets, however, unions must benefit 
their members if they employ rational policies. Consider the monopsony labor 
market represented by Figure 15.3.5. If the labor force is not organized, equi- 
librium is attained at point c, where marginal revenue product equals the mar- 
ginal expense of input (based on the positively sloped supply of f input curve S;). 
The equilibrium wage is OW, and equilibrium employment is OL. Now suppose 
the workers establish a union that bargains collectively with the monopsonist. 

At one extreme the union may attempt to achieve maximum employment for 
its members. To this end, it establishes the supply of labor curve W'aS,. The 
associated marginal expense of input curve accordingly becomes W'abMEI,. 
Marginal revenue product equals the marginal expense of input at point a; OL,, 
units of labor are therefore employed at the wage OW’. Consequently, ‘ak one 
alternative, the union can achieve a small increase in wages accompanied by an 
increase in the number of workers employed. Each unit of labor receives its 
contribution to the firm’s total receipts; the exploitation uniquely attributable to 
monopsony is eliminated. 


“Exercise: Suppose panel A, Figure 15.3.4, represents the market for unskilled labor in 
the absence of a minimum-wage law. What are the market effects of the establishment of a 
minimum wage by some government agency? Is there any empirical evidence that the 
analytical result you obtain is descriptive of the real world? 
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Figure 15.3.4 Effecis of a Labor Union iri a Perfectly Competitive Labor Market 
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At another extreme, suppose the union decides to maintain the initial level of 
employment OL. It accordingly establishes the supply curve W,,dS,. The cor- 
responding marginal expense of input curve is W,,deMEI,. Marginal revenue 
product equals the marginal expense. of input at point c; hence equilibrium em- 


ployment is OL and the associated equilibrium wage is OW,,. This wage rate is ` 


the maximum attainable without a reduction in employment below the pre-union 
level. At the wage OW,,, however, the union can achieve a substantial wage 
increase without affecting employment. Again, the unique portion of monop- 
sonistic exploitation is removed. 

We have considered only two extremes. The union can, in fact, select inter- 
mediate policies, scoring increases in both employment and the wage rate. The 
union can harm its members only if the demand for labor is elastic, and it sets 
the supply-of-labor curve so that the equilibrium wage exceeds OW,,. But even 
then the unique portion of monopsonistic exploitation would be eliminated. Thus 
we have a general principle that broadly describes the economic effects of labor 
unions: labor unions can eliminate the portion of total monopsonistic exploita- 
tion that is uniquely attributable to monopsony in the labor market; however, 
the portion attributable to monopoly can in no way be eliminated by trade 
union activity. a 
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æ Marginal revenue product of a variable input is marginal revenue 
multiplied by the marginal physical product of the input. A monopolist 
purchasing the input in a competitive market at price $, will purchase the 
input at that quantity for which S, = MRP,, where MRP, is the marginal 
revenue product of the variable input. 

m When several variable inputs are used, the monopolist’s demand for any 
one of them must take into account substitution, output, and profit- 
maximizing effects (as in Chapter 14), because these effects will usually 
cause shifts in the marginal revenue product curve of each factor as 
quantities are adjusted. z 


mw Market demand for a variable factor by a monopolist is analyzed in 


exactly the same way as in the case of competitive producers (see 
subsections 14.4.a and 14.4.b of Chapter 14). When the producers are 
oligopolists or monopolistic competitors, one must allow for the effect of 
changes in output on market price and marginal revenue. Because 
marginal revenue is less than price for a monopolist, the market price of a 
productive service employed by the monopolist will be less than the value 
of its marginal product. 
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m When there is only a single buyer of an input (a monopsonist), that buyer 
will take into account the effects in changes on the quantity purchased of 
the input on the price of the input. This effect is measured by the 
marginal expense of input, which is the increase in tota) cost attributable 
to the addition of one unit of the variable productive agent. A profit- 
maximizing monopsonist will employ a variable input to the point where 
the marginal expense of input equals the input’s marginal revenue product. 
A profit-maximizing monopsonist using several variable inputs will choose 
that input composition for which the ratio of the marginal product to 
marginal expense of input is the same for all variable inputs used. 
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QUESTIONS AND EXERCISES 


1. 


Since monopolists do not pay factors of production the value of their marginal 
products, how do monopolists retain factors when perfect competitors use the same 
kind of resources in producing their output? 


. Provide an economic analysis of the U.S. minimum wage law. Do the same thing 


for a state (or county, or city) minimum wage law. 


. The government imposes a ceiling price on commodity A but not on the competing 


commodity B. C, D, and E are factors used in producing A, while D, E, and F 
are factors used in producing B. C is used in the production of A only and not in 
the production of any other commodity in the economy. Discuss the effects of this 
ceiling price on the product and factor markets. 


. “Without collective bargaining, the workers’ market disadvantage would enable the 


owners of other productive agents to appropriate income that would otherwise go 
to labor.” Discuss. 


. Assume that an industrial union’s primary purpose is to raise the wages of its 


members above the competitive level. (a) Explain on a theoretical level how this 
increase might be accomplished. (b) What conditions would make the union's 
job easier? 


. Consider a trade union that is strong enough to prevent nonmembers from working 


at the trade in question. For simplicity, assume that membership is not affected by 
the level of returns to members. Finally, assume that there is immigration into the 
country of unskilled workers. What will be the effect of the immigration on the 
incomes of the union members? What factors tend to increase income? What 
factors tend to cause it to decline? Is there a clear balance in favor of either 
increase or decline? ‘ 


. “If a union succeeds in raising wages, it will cause the ratio of the cost of union 


labor to total cost to rise.” Discuss. 
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Theory of General Equilibrium 
and Economic Welfare 


1 


Well over 100 years ago, Frederic Bastiat, a noted French economist, wrote 
about the Paris of his day. Hundreds of thousands of people then lived in 
Paris, each consuming a wide variety of commodities, especially food 
products not produced in the city. The survival of the city required the 
constant influx of goods and services. No single agency planned the daily 
inflow of commodities; but each day goods did arrive in approximately 
correct quantities: Paris survived. “Imagination is baffled when it tries to 
appreciate the vast multiplicity of commodities which must enter tomorrow in 
order to preserve the inhabitants from falling prey to the convulsions of 
famine, rebellion, and pillage,” Bastiat wrote. “Yet all sleep, and their 
slumbers are not disturbed for a single minute by the prospect of such a 
frightful catastrophe.” 

Paris survived because of the unplanned cooperation of many people, most 
of whom competed against each other. Not for altruistic motives, to be sure, 
but for the profit to be gained from selling in the Paris market. Even before 
the days of Bastiat, Adam Smith had observed the effects of cooperation in 
production. Smith visited a small pin factory, one doubtless primitive by 
modern standards. Yet Smith was so struck by the gain in productivity 
resulting from cooperation and the specialization of labor that he wrote an 
account now classic in economic literature: 


One man draws out the wire, another straights it, a third cuts it, a 
fourth points it, a fifth grinds it at the top for receiving the head; to 
make the head requires two or three distinct operations; to put it on 
is a peculiar business; to whiten it is another; it is even a trade by 
itself to put them into paper. . . . I have seen a small factory of this 
kind where ten men only were employed and where some of them 
consequently performed two or three distinct operations. But 
though they were very poor and therefore but indifferently 
accommodated with the necessary machinery, they could, when 
they exerted themselves, make among them about twelve pounds of 
pins in a day: There are in a pound upwards of 4,000 pins of 
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middling size. Those ten persons, therefore, could make among 
them upwards of 48,000 pins a day. .. . But if they had all wrought 
separately and independently. . . they could certainly not each of 
them make twenty, perhaps not one pin in a day... . 


Specialization and division of labor make possible a larger output than if 
each person worked alone and were self-sufficient. But self-sufficiency does 
guarantee that the consumer gets what he wants, or what he wants most and 
what is within his ability to achieve. When each person is not self-sufficient, 
the economy either must be planned by some central agency or there must be 
some mechanism that accomplishes the same goal. Adam Smith chose to call 
this mechanism the “invisible hand”; in the terminology of today it might 
better be called a “great computer in the sky.” But whatever the terminology, 
a free enterprise price system generally functions so as to achieve the goals of 
state planning, usually much more efficiently than planned economies achieve 
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them. Economic welfare under a free enterprise system is the topic of 
Chapter 17. It is preceded by the analysis of general economic equilibrium in 
Chapter 16. 

To this point, our discussion has focused oniy upon the economic behavior 
of single economic agents or of single industries or product groups. But there 
are millions of economic agents in the economy, and we have not yet seen 
how the behavior of each is coordinated to achieve a general equilibrium. 

Looked at differently, the familiar graph shown in this introduction 
illustrates the problem. On the one hand, households function both as 
consumers and resource suppliers. On the other hand, business firms use the 
resources, organize production, and sell the products of the process. There is 
a flow of real productive services from households to businesses and a return 
flow of real goods and services from business firms to households. If a barter 
system were feasible in an advanced industrial nation, we should have to go 
no further. But it is not; money must be introduced. 

Rather than trading output for input, business firms pay to households a 
money income for the productive services supplied. In their roles as 
consumers, households create a counterflow of consumption expenditures to 
business firms, exchanging their money income for the real goods and 
services supplied to them. Thus there is a monetary flow in one direction to 
offset each real flow in the opposite direction. The problem of general 
equilibrium analysis is to determine the process by which the various flows 
balance. @ 
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CHAPTER 


Theory of General Economic 
Equilibrium 


Many might believe that the best way to deal with a severe drought is to 
divide up the available water evenly among individuals or households. 
According to the article in the “Applying the Theory” section, that is exactly 
how officials in Marin County decided to ration water during the drought in 
the winter of 1977. Yet, the principles to be developed in this chapter lead 
directly to the conclusion that a better rationing scheme exists, to the extent 
that no one will be made worse off than under the Marin County scheme and 
many will be made better off. 

By illustrating how the price system coordinates the activities and decisions 
of diverse economic agents in producing a general equilibrium, this chapter 
develops some key principles that will ultimately lead to the conclusion that a 
competitive price system maximizes social welfare. You will be asked in the 
“Applying the Theory” section to show precisely why the Marin County 
scheme of water rationing is not the best (Pareto optimal) one, and why the 
proposed alternative method (which uses a price system) is superior. W 


APPLYING THE THEORY 


How to Ration Water 


By Milton Friedman 

While the East has been freezing and 
buried in snow, the Far West has been 
suffering from drought. In northern 
California, this is the second straight 
winter of drought. Water reservoirs are at a 
record low, and one community after 
another has begun to ration water. 

Although the individual schemes vary, ` 
the one adopted in Marin County is fairly 
representative. Marin County, just north of 
San Francisco over the Golden Gate 
Bridge, is one of the wealthiest counties in 
the United States—the bedroom for many 
of the top executives in San Francisco. 
Over the years, it has resisted extensions 
of water systems in an attempt to limit the 
inflow of additional residents. In ordinary 
years, however, water has been ample and 
charges for water, which is metered to all 
residents, have been moderate. 

The rationing scheme adopted in Marin 
County assigns to each household a flat 
maximum number of gallons per day—37 _ 
gallons per person per day for a household 
of four. Any household that exceeds its 
ration is subject to a steep fine and, if it 
persists, to having its supply reduced to a 
trickle. 


There is a Better Way 


This scheme provides no incentive for 
persons to use less than the permitted 
maximum (other than saving the usual 
charge on water used), and it provides no 
flexibility for special cases requiring more 
than the maximum. Suppose for example, 
some family were to use less than its 
allowance. Would there be any objection to 
its selling the water saved to someone who 
wished to use more? 

Such voluntary transactions can readily 
be provided for by a simple modification 
of the Marin scheme. Let the water 
authorities set a supplemental price per 
gallon of water; let them charge this price 
for all gallons used in excess of the present 
limit; and let them pay this price to 


families using less than their limit. If the ~ 


price is set so that the amount some 
families save is equal to the excess amount 
other families use, total water use would 
remain the same; the revenues to water 
authorities would be the same; and every 
separate family would be better off —those 
saving water, because their actions reveal 
that they prefer the money to the water, 


(continued on page 488) 
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(continued from page 487) 
those using extra water, because their 
actions reveal the reverse. 

This alternative plan seems clearly 
preferable to the plan actually adopted. It 
is certainly simple enough to have occurred 
to many of the able people who inhabit 
Marin. Why, then, has it not been 
adopted —and is not likely to be? That 
seems to me to be the most interesting 
question raised by the Marin experience. 


Why It Won't Be Tried 


One possible answer is the difficulty of 
determining an appropriate price — 
given that the emergency is expected to be 
brief. But this seems highly implausible. 
There are dozens of market-research 
experts in Marin. In any event, water can 
be bought and trucked in, in tank cars, at a 
well-defined market price, which surely 
should give an upper limit to the 
supplemental price. 

A more plausible answer is the general 
aversion to using a price system in any 
form, for any purpose —even by the 
‘executives in Marin who owe their 
affluence to the effective operation of a 
price system. They, too, have become 
corrupted by the collectivist sentiment of 
our time, which reveals by its actions that 
it prefers orders by bureaucrats to 
voluntary exchanges by free individuals, 

A more appealing variant of this 
explanation is that the Marin scheme 
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reflects a feeling of membership in a 
family, induced by a common shock. 
Would a mother permit one of her childrén 
to sell the food she provides him to a 
sibling? Similarly, it is OK to truck in 
water from outside the community, but it is 
morally wrong for some of “us” to be 
permitted to “bribe” others of “us” to give 
up some of their assigned water. There is , 
real psychological satisfaction in a 
community effort, and in “suffering” 
jointly —satisfection that is not diminished 
by a level of water use that is affluent 
compared to the amount available to the 
bulk of the world’s population. 

If none of these explanations seems to 
you adequate to explain why Marin County 
uses so rigid and unsatisfactory a method 
of rationing water, when a preferable 
method is readily available, I share your 
puzzlement. But community masochism 
aside, can you offer a better one? 


Questions 


1. Explain why the plan adopted for the 
allocation of water in Marin County 
during the drought is not “Pareto 
Optimal.” Illustrate your answer, using 
a diagram similar to Figure 16.2.3 
(General Equilibrium of Exchange). 

2. Explain how Friedman’s proposal 
makes no one worse off and some 
better off. Illustrate your answer, using 
a diagram similar to Figure 16.2.4 
(Competitive Equilibrium). 
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Solutions 


. The plan adopted in Marin County 
assigns each household a flat maximum 
number of gallons per day —37 gallons 
per person for a household of four. 
(Any household that exceeds its ration 
is subject to a steep fine.) Since each 
household is basically restricted to a 
given amount of water there is no 
guarantee of fulfilling the condition 
that “the MRS of different consumers 
must be equal” under this allocation. 

We know that if consumers may 
freely exchange water for other goods 
they will reach an equilibrium where 
each consumer’s MRS of water for all 
other goods (aog) will.equal the ratio of 
the relative prices of these two goods, 
e.g., P water /P aog. As long as all 
individuals face the same prices for 
these two goods, all must have the 
same MRS in equilibrium (even though 
they may have different tastes for 
water) because they will buy varying 
quantities so as to equate their MRS of 
water for all other goods equal to the 
price ratio, Under the Marin County 
scheme, however, they are not allowed 
to buy or sell water, so that if 
households have different tastes they 
will have differing MRSs, given their 
ration (endowment) of water. 

In terms of Figure 16.2.3, take two 
households in Marin County, Oa and 
Ob, and have them consuming two 
goods, water (X) and all other goods 
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(Y). The Marin County scheme places 
the households in a position like point 
D, but with initial endowment Xa equal 
to initial endowment Xb (since the 
allocation is the same for all 
households). At point D (the initial 
allocation) the MRS of Oa exceeds the 
MRS of Ob, so we must not be on the 
contract curve, and we are not at a 
Pareto optimal organization. Both 
households can reach a higher level of 
utility through exchange of X and Y at 
any rate between their respective MRSs. 


. Friedman suggests that the Marin 


authorities should basically play the role 
of the “auctioneer” in section 16.2.c. 
They could set a supplemental price per 
gallon of water, charge this price for all 
gallons used in excess of the present 
limit, and pay this price per gallon to 
all households using less than their 
limit. (Households are free to consume 
as much or as little water as they want 
at the announced supplemental price, 
and the announced price is to be set 
such that the amount some families save 
is equal to the excess amount other 
families use, so that total water use 
remains the same.) 

As Friedman indicates, every separate 
family must be better off — those saving 
water, because their actions reveal that 
they prefer the money (aog) to the 
water; those using extra water, because 


(continued on page 490) 
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(continued from page 489) 
their actions reveal their opposite 
choice. 

In terms of Figure 16.2.4, Friedman's 
solution allows a movement from initial 


‘allocation (point D), to a point on the 


contract curve, T. The authorities 


announce a price of water resulting in 
price line R, R4. Given this announced 
price of supplemental water, and their 
initial endowment at point D, household 
Oa buys the exact amount of water that 


and at T both purchase quantities of 
both goods such that their MRSs equal 
the ratio of the price of water to the 
price of all other goods. Thus, at T itis 
impossible for household Oa to reach a 
higher indifference curve without 
household Ob reaching a lower 
indifference curve, and vice versa. In 
short, the allocation at T represents a 
Pareto optimal organization and the 
MRS of household Oa equals the MRS 
of household Ob. 


household.Ob wants to sell, and they 
end up at point T in the diagram. Both Source: Newsweek, March 21, 1977. © Newsweek. 


have reached a higher level of utility, Reprinted by permission. 


INTRODUCTION 


According to the principle of maximization adhered to throughout the book, each 
economic agent attains an equilibrium position when something is maximized. A 
consumer maximizes satisfaction subject to a budget constraint; an entrepreneur 
maximizes profit, possibly subject to the constraint imposed by the production 
function; workers may determine their labor supply curves by maximizing satis- 
faction derived fromeleisure, subject to given wage rates. In terms of an old: 
cliché, we have studied the trees fairly intensely but we have not yet seen 
the forest. 

The problem of forests arises, however. Millions of economic agents pursue 
their own goals and strive for their own equilibrium without particular regard for 
others. The problem is to determine whether the more or less independent behav- 
ior of economic agents is consistent with each agent’s attaining equilibrium. All 
economic agents, whether consumer, producer, or resource supplier, are inter- 
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dependent; will independent action by each lead to a position in which equi- 
librium is achieved by all? This is the problem of general (static or stationary) 
econcmic equilibrium. 


Quesnay’s “Tableau Economique” 
16.1.a 


At this point a digression to history may be useful. Perhaps the earliest notion of 
stationary general equilibrium is in the work of a group of French economists 
called the “physiocrats.” Foremost among them was an economist named Ques- 
nay who, as early as 1758, presented a picture of general equilibrium by means 
of his “Tableau économique.” ' Quesnay divided the economic agents of a society 
into three classes: the productive or agricultural class, the proprietary class, and 
the nonproductive class. He then suggested that the riches of a nation must be 
distributed among the three classes so as to attain a stationary (or flowing) 
equilibrium. 

Quesnay’s concept may be explained by an example taken from his book. 
Suppose there is a country with 130 million acres of land and 30 million people. 
The land properly tilled will produce 4 million units of food and 1 million units ” 
of raw material. Quesnay suggested that the “riches” must be distributed in the 
following manner. The productive class will retain 2 million units of food, which 
comprise the “avances annuelles” to sustain it during the next year. The pro- 
ductive class will pay 2 million units of food to the proprietary class as rent 
for the land, and trade the 1 million units of raw material to the nonproduc- 
tive class (manufacturers) for 2 million units of manufactured goods. The propri- 
etary class will retain 1 million units of food and subsistence and trade 1 million 
units to the nonproductive class for manufactured goods. Finally, the non- 
productive class receives 1 million units of raw material from the productive » 
class, transforms it into 3 million units of manufactured products;-and exchanges 
2 million units for 1 million units of raw materials from the productive class and 
1 million units of food from the proprietary class. 

Now we are back where we started; the system can continue to function in the 
same way year after year. It is a very simple model; perhaps it may seem trivial. 
Yet it represents a beginning point for general equilibrium theory. To quote 
Fossati: ‘ 


It is against a background like this, which in essence is the idea of 
the stationary state, that the concept of the equilibrium of the 
economic system has been defined... . The stationary state is one 
in which every year the same processes are repeated, and the same 
distribution of goods takes place through the same channels. The 


F, Quesnay, Tableau économique et maximes générales du gouvernement économique (Paris, 
1758). For a later contribution, see J. Turgot, Reflections sur la formation et la distribution des 
richesses (Paris, 1776). 
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Stationary state of the “Tableau économique” is a model showing 
the conditions required for certain processes to function Steadily 
and maintain each other in being on an unchanging scale 
indefinitely, like fountain-jets ever in movement yet always rising 
to the same height, It may not seem to offer a great contribution to 
the analysis of equilibrium, yet in view of the time of its 
formulation, it is a landmark in our science.” 


Walras, Pareto, and Leontief 


s a 


‘The theory of general equilibrium was developed much more thoroughly by the 
“Lausanne School,” especially by Leon Walras and Vilfredo Pareto. Concerned 
as it is with the individual equilibrium of millions of economic agents and the 
overall equilibrium of the system, the theory of general economic equilibrium has 
always been essentially mathematical in nature. In the 20th century, major efforts 
toward empirical quantification of general economic equilibrium have been made 
by Leontief and others through the use of “input-output” analysis.‘ 


A Simple Two-Person Economy 
16.1.c 


To get a handle on the concept of general economic equilibrium we will examine 
a variety of relatively simple cases. The concepts and propositions that hold in 
these simple cases also apply to more complex economies albeit with a good deal 
of additional mathematical notation. 

Consider an economy consisting of two individuals, say two farmers. Each 
farmer owns a fixed amount of land which can be used to produce a homogeneous 
output. The output of each farm depends on the amount of labor put to work on 
the farm. We will think of each farmer in two Separate roles. On the one hand 
each farmer is an entrepreneur who hires labor to work on the farm. The farmer 
pays labor the market wage, which is denominated in terms of the output of the 
farm, and keeps the remaining output as a rent on the farm land. On the other 
hand each farmer can be viewed as a household which consumes farm output and 
supplies labor. The rental income earned by the farmer as entrepreneur is part of 
the income the farmer spends as a consumer. In subsection 16. 1.d, we examine 


= Fossati, The Theory of General Static Equilibrium (Oxford: Basil Blackwell, 1957), 
pp. 37-38. 


*Leon Walras, Elements d'économie politique pure (Lausanne: F. Rouge, 1874); for translation, 
2 Radni at end of chapter. Vilfredo Pareto, Cours d'économie politique (Lausanne: 
à Rouge, 7 


“W. W. Leontief, The Structure of the American Economy, 1919-1939 York: Oxford 
University Press, 1951). oa 
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the farmers in their role as entrepreneurs making output decisions and deciding 
how much labor to hire. In subsection 16.1.e, we examine the farmers in their 
role as householders deciding how much to consume and how much labor to 
supply. Finally, we bring both sides of the market together to show how a general 
equilibrium is achieved—as in the diagram showing the circular flow of eco- 
nomic activity in the introduction to this part. 


The Farmer as Entrepreneur 


The explanation of the farmer as an entrepreneur is based on the following 
assumptions: 


el: Output of the farm is an increasing function of the amount of labor used on 

the farm, and since the amount of land is assumed to be constant, the law 
_ of diminishing returns applies to labor. This is the situation described in 

Chapter 6. 

e2: Each farmer acts as a price taker both with respect to sales of output and the 
hiring of labor. We use the output of the farm as numéraire, or unit of 
account, and hence set its price equal to one. The wage rate is given by w. 
Instead of saying that an hour of labor costs $20, we say that an hour of labor 
costs w units of good. Obviously, one unit of food costs one unit of food, 
so its price is 1.° 

e3: Each farmer, when acting as entrepreneur, chooses output and employment, 
given the wage rate, to maximize the rental income of the land. The rental 
income will be the amount of output left after wages have been paid. 


To see how the farmer behaves in the role of entrepreneur, given these assump- 
tions, we consider the case of the first farmer, called Farmer 1. Farmer 1 has a 
production function that relates labor input to farm output as shown by the curved 
line Q, = fi(Lı) in Figure 16.1.1. Q, refers to the output of Farmer 1, L, is the 
amount of labor used by Farmer 1, and f,(L,) is the production function of the first 
farmer. fi is written as a function of labor only because land is assumed fixed. The 
function f,(L;) is concave in accordance with the assumption e1 that the law of 
diminishing returns applies to labor. 

Now suppose the wage rate is w. The total wage bill for Farmer 1 will be wl, 
depending on the amount of lator he employs. This is shown in Figure 16.1.1 as 
a straight line with slope w. At any given use of labor on the farm (along the 
horizontal axis) output is given by the line Q, = fi(Lı), total wages are the 
corresponding point on the line wL, and the difference between f\(Li) and wL, is 


SThe reader will recall from earlier discussion that we are dealing with relative prices in this book. 
Thus, if p is the output price and w the wage rate, the equilibrium determines only w/p (or p/w), 
not p and w separately. Thus, we are justified in setting p = 1 for expositional purposes. Note that 
w is the real wage when this convention is used. 
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Figure 16.1.1 Production Function 


Q, 


Q, = #(L,) 


Output 


La] 


Labor input 


the output left for the entrepreneur after wages have been paid (that is, the rent 
on the land). We know from Chapter 14 that rent on land will be maximized when 
the value of the marginal product of labor equals the wage rate. Since the price 
of output is set at 1, this means that the distance between f\(L;) and wL, is 
maximized when L, is chosen, so that the slope of f\(L,) is equal to the wage 
rate. In Figure 16.1.1, when the wage rate is w the farmer hires OE units of 
labor, produces EB (= OC) units of Output, pays EA in wages and keeps BA 
(= EB — EA) as rent on land. Since the slope of fi (L,) is decreasing as more 
labor is used, it follows that to maximize rental income the farmer will hire more 
labor as the wage rate decreases and less labor as the wage rate increases. Hence, 
we get a demand for labor function that is inversely related to the wage rate as 
shown by the line Lp, in Figure 16.1.2. 

By similar arguments we can derive Farmer 2's demand for labor. This is 
shown by Lp, in Figure 16.1.2. The total demand for labor at any given wage rate 


“The rent on the land is the residual f,(Z,) a wL,, and this is maximized when f’,(L,) = w. The 
slope, f",(Z,), is the marginal product of labor. 
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Figure 16.1.2 Aggregate Demand for Labor 


Real wage rate 


Lo = Lo, + Lo» 
L 


i i% 


is the sum of the demands for labor by Farmer 1 and Farmer 2. In Figure 16.1.2, 
this is shown by the line Lp, which is the horizontal sum of Lp, and Lp, at each . 


wage rate. 


The Farmer as Consumer-Laborer 

16.1.e 

The explanation of the farmer as a consumer-—laborer is based on the following 
assumptions. 

Farmer 1 chooses consumption and the amount of labor supplied so as 
to maximize a utility function U;(Qp,, Ls,). Qo, is the amount of con- 
sumption of Farmer 1 and Ls, is the amount of labor supplied by 
Farmer 1. The utility function U; is increasing in Qp, and decreasing in 
Ls, In other words, the farmer gains utility from more consumption and 
loses utility from more labor (that is, less leisure). Similarly, Farmer 2 
acts to maximize U,(Qp,, Ls,) where Qp, is the amount of output de- 
manded and Ls, is the amount of labor supplied by Farmer 2. 
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c2: Rental income obtained by the farmer acting as an entrepreneur is treated 


c3: The income of Farmer i consists Solely of labor income and rental in- 
come. Accordingly, when the wage rate is w, the farmer chooses Qp, and 
Ls, to maximize utility Subject to the budget constraint 


Qo, = wLs, + Riw). 


c4: Each farmer can be self-employed or can work for the other farmer, A 


farmer can be self-employed part of the time and work for the other 
farmer part of the time, 


there is some rent R,(w) that is the most that he can Teceive, given that wage rate 
is w. This would be obtained when the farmer hired labor such that the distance 
between line wL, and curve f,(L,) in Figure 16.1.1 was maximized. That vertical 


For the given w, the most rent he can receive is R,(w). This is his rental income 
and is plotted as the vertical distance OR,(w) in Figure 16.1.3. But in addition to 
that rental income, the farmer has the option of Supplying his own labor, either 
to his own farm or to a neighbor. If he Supplies his own labor, he receives w per 
unit of labor. That means that at zero hours of labor Supplied, he only has income 


equation of the line R,(w) A in Figure 16.1.3, Any point on that line is obtainable. 
Note that if the farmer works for a neighbor, he Teceives an actual payment of wL 


For Farmer i (i = 1,2), let L8(w) be the amount of labor demanded at wage rate w when the 
optimal output decision is made. Then, R(w) = QS — wh 3(w), where Q$ is the rent-maximizing 
output for wage rate w. 


"See Question 5 of Chapter 2, 
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Figure 16.1.3 Consumption and Labor Supply 


Qo, 


Labor demanded and supplied 


indifference curve which is tangent to the budget line.’ This tangency occurs at 
Ls, in Figure 16.1.3. Hence, when the wage rate is w the farmer supplies Ls, units 
of labor and consumes Qp, units of output. 

Also shown on Figure 16.1.3 is the curve f\(Lp,), i.e., the farmer’s production 
function on his own farm. It is drawn such that it is tangent to the line R,(w) at 
labor Lp ,. That is not an accident. Recall that the farmer hires labor up to the point 
that maximizes his rent. Recall also that at that point, the slope of the production 
function, that is, the marginal product of labor, must equal w. (At any other point, 
rent can be increased by moving to Lp, of labor.) Since the slope of Rı(w) is w, 
it must be the case that labor is hired when the slope of the production function 


is equal to the slope of R,(w). But a tangency-requires not only that slopes are 


%Given w, the farmer's problem is max U/,(Qo ,,Ls,), subject to Qn, = wLs, + Ri(w). The first- 
order condition is given by —(8U;/ALs,)/(@U;/8Qo,) = w, which is tħe tangency indicated in 


Figure 16.1.3. 
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equal, but also that the line and the curve are touching. In order for them to touch, 
the height of the line at Lo, must equal the height of the production function at 
Lp,. This means that R\(w) + wLo, = fi(Lp,). But that merely says that rent on 
the land plus wages paid to labor must equal total output. In fact, that was how 
Tent was derived. It was defined as the difference between total output and wages 
paid or Ri(w) = fi(Lp,) — wLp,. Thus, the typical farmer produces Qp, on his 
farm, hires Lp , of labor, supplies Ls, of labor himself, and consumes Qs,- As we 
shall soon see, w must change so that all of these quantities are consistent across 
the entire economy. 

Changing the wage rate has two effects. An increase in the wage rate lowers 
the rent that the farmer receives on his own land. The more labor costs, the less 
that the farmer can extract for himself as rentier. This lowers the intercept of 
R,(w). It by itself is likely to result in more labor supplied by the farmer since 
poorer individuals consume less leisure (which is a normal good) and therefore 
work more hours. At the same time, an increase in wage rate steepens the slope 
of the line Ri(w) A because at higher wages, the marginal value of working is 
higher. This, too, usually increases the amount of labor supplied because the 
price of leisure is higher; the farmer-as-worker gives up more for each hour that 
he keeps out of the labor market and uses for leisure. 

The tangency of an indifference curve with a new, higher wage, budget 
constraint is likely to lie to the right of the old tangency. This means that at a 
higher wage rate, the individual supplies more labor, Farmer 1's supply of labor 
is shown as Ls, in Figure 16.1.4, derived as above. A similar curve is derived for 
Farmer 2 and the sum is the labor supply of the entire economy, shown as Ls. 

The equilibrium wage rate, that is, the wage rate that equates the supply and 
demand for labor, can be found by combining Figure 16.1.2 and Figure 16.1.4. 
This is done in Figure 16.1.5. The equilibrium wage rate w* is where Ls and Lp 
intersect. At this point Farmer | supplies L, units of labor and demands Lj. 
Farmer 2 demands LŽ, units of labor and supplies L%.. Farmer 1 is a net demander 
of labor (since L$, > L$) and Farmer 2 is a net supplier of labor (since 
LB, < L$). Obviously LŠ, — Lt, = Le - Le 

It remains to show that the product market is in equilibrium when the labor 
market is in equilibrium. Let w* be the equilibrium wage. Then we have the 
following equations: 


Ri(w*) = QF — w*Lġ, 
R(w*) = OF — w*Lp, 
03, = w#L + Ri(w*) 
QË, = w*L + R(w*) 


(16.1.1) 


"LE = L$, +L% and L3 = LË, +L3,. Since in equilibrium L? = LŽ, it follows that 
Lb, ~ L$, = LE = (Loy : 
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Figure 16.1.4 Aggregate Supply of Labor 


w 


Real wage 


Ls = (Ls, + Ls,) 


Labor supply 


where the asterisks indicate the values of the variables at w *, Solving the last two 
equations for R,(w*) and R,(w*) and substituting in the first two equations 


Q5, — wl, = OF — w*L5, 
Ob, — w*Li, = OF, = w*Lb,. ugha 


Adding these two equations 


O5, + Ob, — w*(L3 + LH) = OF + OF — w*(L3, + LB). 
(16.1.3) 


We know that w* is such that the labor market is in equilibrium so 
Le + L = L$, + L, Hence, (equation 16.1.3) becomes 


Q3, + 08, = Q% +Q% 
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Figure 16.1.5 Equilibrium in the Labor Market 


which says that aggregate demand of output equals aggregate supply of output. 
Thus, the product market is in equilibrium when the labor market is in equi- 
librium. 

This result is known as Walras’s Law. That law states that in an economy with 
n markets, equilibrium in n — 1 of those markets assures that equilibrium must 
hold in the nth market also." 

This simple model illustrates how the price system coordinates the activities 
and decisions of diverse economic agents in producing a general equilibrium. The 
entrepreneur acting to maximize profits (in this example, the rent on land) ends 
up making a set of decisions that mesh perfectly with the consumption—labor 


"Walras, Elements d'économie politique pure. 
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choices of the household. The same kind of coordination of demand and supply 
occurs in more complex economies through virtually the same kind of price 
mechanisms. That the price system can achieve such coordination of the mind- 
boggling assortment of markets that we see in real world economies is truly 
astonishing. It is even more interesting, as we shall see in Chapter 17, that a 
competitive price system also maximizes social welfare. 


GENERAL EQUILIBRIUM OF EXCHANGE 


The model of section 16.1 is useful in showing how general equilibrium is 
achieved in an economy with one consumption good. In this section we develop 
a method for the analysis of equilibrium when there are two or more goods in 
the economy. In the next section we will see how the same apparatus can be 
applied in the analysis of allocating productive factors to the production of two 
or more goods. 


pri cag a Box Diagram 
16.2.a 


The Edgeworth box diagram is a graphical technique for illustrating the inter- 
action between two economic activities when their inputs are fixed in quantity. 
It is thus an ideal instrument for analyzing general equilibrium and economic 
welfare. 

(Two basic Edgeworth box diagrams are illustrated in Figure 16.2.2, Panel a 
shows the construction for a consumption problem whose inputs are types of, 
say food; Panel b refers to production activities whose inputs are factors of 
production.) 

First consider Panel A in 16.2.1. There are two consumption goods, X and Y; 
these goods are available in absolutely fixed amounts. In addition, there are only 

` two individuals in the society, A and B; they initially possess an endowment of 
X and Y, but the endowment ratio is not the one either would choose if given the 
opportunity to specify it. This general equilibrium problem is graphically illus- 
trated by constructing an origin for A, labeled O,, and plotting quantities of the 
two goods along the abscissa and ordinate. Thus from the origin O4, the quantity 
X held by A (X4) is plotted on the abscissa and the quantity of Y (Y4) on the 
ordinate. A similar graph for individual B, with origin Os, may be constructed 
beside the graph for individual A. These two basic graphs are illustrated in 
Panel a, Figure 16.2.1. 

Next, rotate B’s graph 180°, so that it appears to be “upside down” (Shown in 
Panel b of Figure 16.2.1). The Edgeworth box diagram is formed by bringing the 
two graphs in Panel b together. There could conceivably be a problem involving 
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Figure 16.2.1 Constructing the Edgeworth Box Diagram for a Consumption Problem 
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Figure 16.2.2 Edgeworth Box Diagrams 
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Panel a: Edgeworth box diagram Panel b: Edgeworth box diagram 
for consumption problem for production problem 


| 
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the lengths of the axes; if the X axes meshed, the Y axes might not. The problem 
does not in fact exist, however, because X, + Xs must equal X, and Y, + Yp 
must equal Y. The length of each axis measures the fixed quantity of the good it 
represents; when the two “halves” in Panel b are brought together, both axes 
mesh. One thus obtains Panel a, Figure 16.2.2. 

The point D in Panel a of Figure 16.2.2 indicates the initial endowment of X 
and Y possessed by A and B. A begins with O,x, units of X and O4 ya units of 
Y. Since the aggregates are fixed, B must originally hold Osx = X — OnX, 
units of X and Ogyg = Y — Oxya units of Y. 

In a similar fashion, not illustrated in detail, one may construct an Edgeworth 
diagram for a production problem. The finished product is shown in Panel b, 
Figure 16.2.2. Two goods, X and Y, are produced by means of two inputs, K and 
L. The two inputs are fixed in aggregate quantity. The origin of coordinates 
for good X is Oy, for good Y is Oy. The inputs of K and L used in producing X 
and Y are plotted along the axes. Accordingly, any point in the box represents a 
particular allocation of the two inputs between the two production processes. At 
point Æ, for example, Oxky units of K and Oxly units of L are used in producing 
X. As a consequence, Oyky = K — Oyky units of K and Oyly = L — Oylx units 
of L are allocated to the production of Y. 


Equilibrium of Exchange 
Consider an economy in which exchange of initial endowments takes place. For 
the moment, production is ignored. If you like, you may think of the problem in 
the following context. There exists a small country with two inhabitants, A and 
B, each of whom owns one half the land area. These individuals truly resemble 
the lilies of the field, for they neither toil nor do they reap. They merely gather 
and exchange manna which, providentially enough, falls nightly on their land. 
Manna of two different types, X and Y, falls nightly; but the two types do not fall 
uniformly. There is a relatively heavy concentration of Y manna on A’s property 
and, consequently, a relatively heavy concentration of X manna on B’s land. 
The problem of exchange is analyzed by means of the Edgeworth box diagram 
in Figure 16.2.3. To the basic box diagram, whose dimensions represent the 
nightly precipitation of manna, we add indifference curves for A and B, For 
example, the curve I, shows combinations of X and Y that yield A the same level 
of satisfaction. In ordinary fashion, II, represents a greater level of satisfaction 
than 14; HI, than I4; and so on. Quite generally, A’s well-being is enhanced by 
moving toward the B origin. Because B’s situation is depicted upside down, the 
highest indifference curve in the diagram, Ip, yields B lower utility than the curve 
below it, Ia. Although what A gains in X is necessarily lost by B, and what B 
gains in Y is necessarily lost by A, trade can make both parties better off. 
Suppose the initial endowment (the nightly fall of manna) is point D; A has 
Oyx, units of X and O, ya units of Y. Similarly, B has Ogx, and Os ys units of 
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Figure 16.2.3 Generai Equilibrium of Exchange 


1la(150) 


Illa(300) 14(135) 
a MV 


X and Y, respectively. The initial endowment places A on indifference curve Il, 
and B on curve Is. At point D, A's marginal rate of substitution of X for Y, given 
by the slope of 77’, is relatively high; A would be willing to sacrifice, say, three 
units of Y in order to obtain one additional unit of X. At the same point, B has 
a relatively low marginal rate of substitution, as shown by the slope of SS’. Or 
turning it around, B has a relatively high marginal rate of substitution of Y for 
X. B may, for example, be willing to forgo four units of X to obtain one unit of Y. 

Situations such as this will always lead to exchange if the parties concerned 
are free to trade. From the point D, A will trade some Y to B, receiving X in 
exchange. The exact bargain reached by the two traders cannot be determined. 
If B is the more skillful negotiator, B may induce A to move along II, to the point 
Pz. All the benefit of trade goes to B, who jumps from Ig to Hp. Just Opposite, 
A might steer the bargain to point P}, thereby increasing satisfaction from Il, to 
II,, B’s real income remaining Iy. Starting from point D, the ultimate exchange 
is very likely to lead to some point between P, and Py; but the skill of the 
bargainers and their initial endowments determine the exact location. 

One important thing can be said, however. Exchange wiil take place until the 
marginal rate of substitution of X for Y is the same for both traders. If the two 
marginal rates are different, one or both parties can benefit from exchange; 
neither party need lose. In other words, the exchange equilibrium can occur only 
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at points such as P,, P}, and P, in Figure 16.2.3. The locus CC’, called the 
contract curve, is a curve joining all points of tangency between one of A’s indif- 
ference curves and one of B’s. It is thus the locus along which the marginal rates 
of substitution are equal for both traders. We accordingly have the following: 


Proposition: The general equilibrium of exchange occurs at a point where 
the marginal rate of substitution between every pair of goods is the same for 
all parties consuming both goods. The exchange equilibrium is not unique; it 
may occur at any point along the contract curve (for multiple traders, it is more 
properly called the contract hypersurface). 


The contract curve is an optimal locus in the sense that if the trading parties 
are located at some point not on the curve, one or both can benefit, and neither 
suffer a loss, by exchanging goods so as to move to a point on the curve. To be 
sure, each trader views some points not on the curve as preferable to some points 
on the curve. But for any point not on the curve, one or more attainable points 
on the curve are preferable. 

The chief characteristic of each point on the contract curve is that a movement 


‘away from the point must benefit one party and harm the other. Every or- 


ganization that leads to a point on the contract curve is said to be a Pareto- 
optimal organization. 


Pareto Optimality: A Pareto-optimal organization is one in which any change 
that makes some people better off makes some others worse. off. That is, an 
organization is Pareto optimal if, and only if, there is no change that will make 
one or more better off without making anyone worse off. Thus, every point on 
the contract curve is Pareto optimal, and the contract curve is a locus of 
Pareto optimality. - 


Competitive Equilibrium in an Exchange Economy 
c 


Recall Figure 16.2.3. There, any point on the contract curve between indiffer- 
ence curves I, and II, was fair game. We said that the actual allocation depended 
upon the bargaining strength of A and B, but conjectured the allocation should 
be one that is on the contract curve. The reason. was that a move from a point off 
the contract to one on it can make both parties better off. 

This statement is not quite correct because individuals may, in their attempt 
to outmaneuver their opponent, take actions that prevent them from reaching a 
point on the contract curve. For example, suppose that A and B start at point D 
in Figure 16.2.3. Consider an extreme situation, where they agree that one and 
only one take-it-or-leave-it offer will be made by each, A and B. A, in his greedy 
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attempt to end up at point P;, says that he will give up as much as Oya — Orya, 
of Y, but he must be given at least Osx, in return. He will not trade any Y unless 
he gets at least (Oxa, — O4x,)/(Oxy, — Ony4,) per unit of Y. Conversely, B 
says that he will give up at most Osx — OsXxz, of X, but he will pay no more than 
(Osxs — Osxs.)/(Onys — Oxya,) in X per unit of Y that he receives. Since 
Osta, — Oxa > Opts — Opty, and since O,y, — Ona, < Onya — nya Ais 
demanding more X per unit of Y than B is willing to give. Thus, no trade takes 
place because each is trying to outbargain the other. And so the economy starts 
and ends at D.” 

There is a way out of this situation that generally leads to a point that is on the 
contract curve. That is to think of an impersonal “auctioneer” who calls out prices 
and asks both A and B how much they would like to trade at the various prices, 
This is illustrated by Figure 16.2.4. That figure duplicates the situation of 
Figure 16.2.3, but adds the dimenson of prices. Suppose that the auctioneer 
announced that the price line was R, Ri. A would then like to trade to leave 
himself at a tangency, or at point Q. B would like to trade to the tangency at point 
V. But this means that A wants to buy more X at this price than B is willing to 
supply. Similarly, B wants to buy less Y than A is willing to supply at these 
prices. Since demand for X exceeds supply and since supply of Y exceeds 
demand, the price of X should rise and the price of Y should fall. Suppose, then, 
that the auctioneer announced prices consistent with price line R, R}. A would 
want to trade to S and B would want to trade to U. This means that A would want 
to buy less X than B wanted to supply and that B would want to buy more Y than 
A was willing to supply. We have gone too far. But consider R, R4. With that price 
line, both A and B want to move to point T. At T, A wants to buy exactly the 
amount of X that B wants to sell. Moreover, B wants to buy exactly the amount 
of Y that A wants to sell. A competitive equilibrium has been reached. 


Definition: A competitive equilibrium is a set of prices and associated 
Quantities such that, given the individual's endowments, voluntary trade results 
in supply equal to demand in each and every market. 


A competitive equilibrium always exists, given the situation as depicted by the 
endowment at D and Corresponding indifference curves. It is possible, however, 
that there are more than one competitive equilibria. For most of our purposes, this 
is unimportant. 

Note that the competitive equilibrium must be on the contract curve. This 
follows from the fact that at the competitive equilibrium, indifference curves are 
tangent to the same price line at the same point. This implies that the indifference 
curves are tangent to each other, which defines a point on the contract curve. 
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Figure 16.2.4 Competitive Equilibrium 


Ya 


O, 


As must be obvious, although the competitive equilibrium is a point on the 
contract curve, the converse does not hold: Not all points on the contract curve 
are competitive equilibria. For example, point W in Figure 16.2.4 is on the 
contract curve, but is not a competitive equilibrium because neither A nor B 
would voluntarily choose to move to that point. 


Deriving the Utility-Possibility Frontier 
16.2.d 


The contract curve is a Pareto-optimal locus in commodity space; it shows all 
pairs of allocations of X and Y to A and B such that the marginal rate of 
substitution is equal for both parties. This exchange equilibrium locus can be’ 
transformed from commodity space to utility space, obtaining what is called the 
utility-possibility frontier relative to the particular endowment aggregate in 
Figure 16.2.3. The process of derivation is illustrated in Figure 16.2.5. 

First consider the point P, in Figure 16.2.3. In A's scale of utility measure- 
ment, all points on I, are valued at 135; thus P, is associated with a utility value 
of 135. Similarly, in B’s utility scale, all points along III, have the value 300. 
Now construct a graph, as in Figure 16.2.5, whose coordinate axes are A’s and 
B’s utility scales. The point Pi, with coordinates 135 and 300, can be plotted on 
this graph. Similarly, all other points along the contract curve in commodity 
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Figure 16.2.5 Deriving the Utility-Possibility Frontier from the Contract Curve 
Us 


Scale of utility to B 


Scale of utility to A 


Space can be plotted in utility space by noting the Pair of utility values associated 
with each point of tangency. Connect all such points by a curve, labeled UU" in 
Figure 16.2.5. This curve is the utility-possibility frontier. 


Utility-Possibility Frontier: The utility-possibility frontier is the locus showing 
the maximum level of satisfaction attainable by one trading party for every 
given level of satisfaction of the other. The curve so generated depends upon 
the absolute endowment of each commodity and upon the aggregate 
commodity endowment ratio—that is, upon X, Y: and yA 


The Core of the Economy 
16.2.e 


When there are more than two traders, things get more complicated. For ex- 
ample, suppose there are four traders: two are of type A and two are of type B. 
Their endowments are given at point E in Figure 16.2.6. The dimensions of the 


"Remember that the utility numbers are Purely arbitrary so far as interpersonal utility comparisons 
are concemed. In particular, 300 for B is not necessarily greater than 135 for A, although to A, 136 
is greater than 135. 
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Figure 16.2.6 The Core of the Economy 
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box reflect the endowments to each individual. That is, each A has O4y4 of Y and 
zero X and each B has OsXp of X and zero Y. 

One way to think of the economy is to imagine splitting it up into two A-B 
pairs. Let A, trade with B,, and A; trade with Bz. Then, there are two Edgeworth 
boxes and the situation is identical to the one already considered. But unfortu- 
nately, things are not that easy. The ability of A; to trade with B, renders certain 
allocations on the contract curve “blockable.” A point is blockable if some 
coalition of traders can get together and, by trading with one another, make 
everyone in that coalition better off than they were at the original point. 

Consider, for example, the point U in Figure 16.2.6. Suppose that each pair 
traded to point U. That point is blockable because there is a coalition of two As 
and one B that can, by trading among themselves, make all three better off. To 
see this, suppose that the two As get together and each offers to give up 
Oya — Oaya, in return for 04X4, This would leave each A at point V. Now B 
would have received 2(O4y, — Oaya,) = OnYs,. In return, he would have given 
up OpXs — OpXe,, which leaves him at point W. The X is split between the two 
As so that each receives O4x,, = (Osxx ~ Onts ,)/2 so that the trade is complete. 
B gets twice the Y that any one A gave up and A gets half of the X that B gave 
up. This makes all three parties better off. The As are better off because V is on 
a higher indifference curve than l4. Thus, point U is blockable. 

What of the second B? He has no one to trade with and necessarily ends up 
at point E, worse off than he would have been at U. This may lead him to offer 
better terms to the two As, but that is irrelevant. The point to remember is that 
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the allocation cannot be sustained because better terms can be offered to all 
members of some coalition. A point that is blockable is said to be outside the 
“core” of the economy. 


Definition: The core of the economy consists of those points on the contract 
curve that cannot be blocked. Thus, the core refers to allocations that cannot 
be improved upon by a reorganization of resources among members of some 
coalition. 


It is always true that the competitive equilibrium, if one exists, is in the core 
of the economy. (The student should show this by attempting to block point T, the 
competitive equilibrium in Figure 16.2.4.) That point is never blockable. But not 
all situations have a competitive equilibrium. For example, consider a game 
where $1 is to be given to any team of two persons who can agree on a way to 
allocate it. Suppose that there are three individuals: A, B, and C. A and B get 
together and opt to split the dollar evenly. But now C gets nothing. In response, 
he offers to give A- $.51 and take $.49. A prefers this, but now B is left out. B 
then offers $.50 to C, which dominates, as far as C is concerned. This goes on 
forever, since the left-out party can always block any conjectured equilibrium. 

A more important proposition that comes out of the theory of the core is that 
as the number of traders increases, the core shrinks to the competitive equi- 
librium. This means that all points on the contract curve, other than point 7, can 
be ruled out if there is a large number of traders. This is an important result 
because it implies that in modern economies, most situations can be analyzed 
with the simple tools of supply and demand since they are designed to determine 
the competitive equilibrium. Bargaining problems, and other points on the con- 
tract curve, can generally be neglected. Of course, in situations where there are 
a small number of traders, bargaining may be at the heart of the problem and 
neglecting it may lead to inaccurate predictions. 


ve gs ata EQUILIBRIUM OF PRODUCTION AND EXCHANGE 
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In the model of section 16.2, production does not occur; consumers simply 
exchange existing stocks or endowments of commodities. We shall now expand 
by adding a production side to the model. There are still only two consuming 
units in the society, A and B; there are also only two producible commodities, 
X and Y. But now they must be produced by means of two inputs, K and L. The 
production functions for X and Y are assumed to be given, and there are fixed, 
nonaugmentable quantities of the inputs K and L. In other words, the initial 
endowments in the present model are the fixed input supplies rather than fixed 
quantities of the two consumption goods." 


“Note that in contrast to section 16.1 we do not assume a variable labor supply. Both K and L 
are assumed fixed for purposes of this discussion. By using more mathematics we can account for 
variable supplies as well as variable outputs. 
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Genpa Equilibrium of Production 


The analysis of the general equilibrium of production is precisely the same as that 
of the general equilibrium of exchange. The only difference is terminology 
(economic jargon). The fixed endowments of inputs K and L determine the 
dimensions of the Edgeworth box diagram in Figure 16.3.1. Next, the given and 
unchanging production functions for goods X and Y enable us to construct the 
isoquant maps for each, illustrated by curves such as Ily and Illy. 

Suppose inputs are originally allocated between production of X and Y so that 
Oxkx units of K and Oyly units of L are used in making X; the remainder, Ovky 
and Oyly units of K and L, respectively, is used to produce Y. This allocation is 
represented by point D in the Edgeworth box—the point at which IIx intersects 
Iy. At the allocation D, the marginal rate of technical substitution of K for L in 
producing X, given by the slope of SS’, is relatively low. The marginal product 
of K in producing X is high relative to the marginal product of L. The Ily level 
of production can be maintained by substituting a relatively small amount of K 
for a relatively larger amount of L. The opposite situation prevails in Y produc- 
tion, as shown by the slope of TT’. The marginal rate of technical substitution 
of K for L in producing Y is relatively high; thus a comparatively large amount 
of K can be released by substituting a relatively small amount of L while 
maintaining the Ily level of output. 

Suppose the producer of X at point D can substitute one unit of K and thereby 
release two units of L. The producer of Y, by employing the two units of L 
released from X production, can maintain output and release, let us suppose, four 
units of K. Thus, from a point such as D, input substitution by producers will 
enable the society to move to P}, P;, or any point in between. At P}, the output 
of X is the same as at D but the output of Y has been increased to the IIIy level. 
If the movement is to P, the output of X increases with no change in the volume 
of Y production. > 

The foregoing discussion establishes a pervasive principle. Whenever the 
marginal rate of technical substitution between two inputs is different for two 
producers, one or both outputs may be increased, and neither decreased, by 
making the appropriate input substitutions. In the example in Figure 16.3.1, the 
X producer would substitute K for L, decreasing the marginal product of K, 
increasing that of L, and thereby raising the marginal rate of technical substi- 
tution. The producer of Y, on the other hand, could substitute L for K, with the 
opposite results. Production of one or both goods can aiways be increased without 
an aggregate increase in inputs unless the marginal rates of technical substitution 
between the inputs are the same for both producers. 

The locus CC’, again called the contract curve, is a curve showing all input 
allocations that equalize the marginal rates of technical substitution — that is, the 
locus of tangencies between an X isoquant and a Y isoquant. Accordingly, we can 


state the following: 


Proposition: The general equilibrium of production occurs at a point where 
the marginal rate of technical substitution between every pair of inputs is the 


Su 
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Figure 16.3.1 General Equilibrium of Production 


same for al! producers who use both inputs. The production equilibrium is not 
unique; it may occur at any point along the contract curve, but each point 
represents a Pareto-optimal equilibrium organization. 


The contract curve is an optimal’ locus in the sense that if the producers 
are located at a point not on the curve, the output of one or both commodities can 
be increased, and the output of neither decreased, by making input substitutions 
so as to move to a point on the curve. For any point not on the curve there are 
one or more attainable points on the curve associated’ with a greater output of 
each good. 


TONN Equilibrium of Production and Exchange 


For any input endowment there are an infinite number of potential production 
equilibria that are Pareto optimal, that is, any point on the contract curve in 
Figure 16.3.1. Each point represents a particular volume of output of X and Y, 
and thereby dictates the dimensions of an Edgeworth box diagram for exchange 
(such as Figure 16.2.3). Furthermore, each consumption-exchange box leads to 
an infinite number of potential exchange equilibria that are Pareto optimal, that 
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is, any point on the contract curve associated with the box in question. Accord- 
ingly, there are a multiple infinity of potential general equilibria of production 
and exchange. 

The object of any society is to attain that particular general equilibrium which 
maximizes the economic welfare of its inhabitants. As we shall see in Chapter 17, 
there are ways by which either a free enterprise system or a planned economy may 
attain the optimum. A major difference between the two is the informational 
requirement of the various economic agents. 


peas the Production-Possibility Frontier, or Transformation Curve 
3.0 7 


The contract curve associated with the general equilibrium of production is a 
locus of points in input space; the curve shows the optimal output of each com- 
modity corresponding to every possible allocation of K and L between X and Y. 
With the allocation of inputs indicated by point P; in Figure 16.3.1, 500 units of 
Y and 100 units of X are the maximum attainable production. By constructing a 
graph whose coordinate axes show the quantities of X and Y produced, and plot- 
ting the output pairs corresponding to each isoquant tangency in Figure 16.3.1, 
one may generate the curve labeled TT’ in Figure 16.3.2. The curve so obtained 
is called the production-possibility frontier or the transformation curve. Only 
the tangencies are relevant because any point that is not a tangency in input space 
is dominated by a point on the contract curve. That is, more of each commodity 
can be had so these nontangencies correspond to points that are inside the 
production-possibility frontier. For example, point D in Figure 16.3.1 corre- 
sponds to D in Figure 16.3.2. By moving from D to P, in 16.3.1, X is un- 
changed, but Y is increased. This is shown as the vertical move from D to Pz in 
16.3.2. Similarly by moving from D to P; in 16.3.1, Y is unchanged, but X is 
increased. This is shown as the horizontal move from D to P, in Figure 16.3.2. 
The transformation curve is obtained by mapping the contract curve from input 
space into output space. Fundamentally, this locus depicts the choices a society 
can make. It shows, in other words, the various (maximum) combinations of X 
and Y that are attainable from the given resource base (input endowment). No 
output combination represented by a point lying outside the production- 
possibility frontier (such as S ) can be attained; such a level of output would 
require a greater resource base. On the other hand, a point lying inside the locus 
(such as D) is neither necessary nor desirable; it would entail a needless sacrifice 
of goods attributable to unemployment of available resources. Thus one object of 
a society is to attain an equilibrium position on its production-possibility frontier-— 
not below. 
Production-Possibility Frontier: The production-possibility frontier or 


transformation curve is a locus showing the maximum attainable output of one 
commodity for every possible volume of output of the other commodity, given 
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"Figure 16.3.2 Deriving Production-Possibility Frontier from the Contract Curve 


Y 


Quantity of Y produced 


Quantity of X produced 


the fixed resource base. The curve so generated depends upon the absolute 
endowment of each resource, upon the aggregate input endowment ratio, and 
upon the “state of the art" (the production functions for both goods). 


GENERAL. COMPETITIVE EQUILIBRIUM IN A TWO-GOOD ECONOMY 


Si4 


We have already discussed competitive equilibrium in an exchange economy and 
presented a-graphical description in Figure 16.2.4. In this section, we generalize 
that to an economy with production as well as exchange and we look at the 
system’ algebraically. For simplicity, we restrict attention to the case of a fixed 
Coefficient production model where there is no substitution of factors of produc- 
tion. A more general model that includes substitution of factors in production 
would parallel the analysis presented here." 


‘For a discussion of the more general model, the reader may wish to consult Murray C. Kemp, 
The Pure Theory of International Trade and Investment (Englewood Cliffs, N.J.: Prentice-Hall, 
1969), chap. I. 
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Production in a Tw 
16.02 'o-Good Economy 


We will denote the output of good 1 by Q, and the output of good 2 by Q>. The 
labor requirements for good 1 and a,, per unit of output, and the capital require- 
ments per unit of output of good 1 are ax,. Similarly, a, and ax, are, respectively, 
the labor and capital requirements per unit of output of good 2. The coefficients a,,, 
ax,» @,, and ax, are fixed constants. Total labor and capital requirements for good ; f 

when Q, units are produced are 


L= a, Qi 

aie (16.4.1) 
Total labor and capital requirements for an output Q, of good 2 are 

Ly = a, Q 

oaao (16.4.2) 


The total amount of labor and capital available in the economy are assumed fixed 
at the level L and K, respectively. Hence, 

L,+1l,=L 

Kit sk. (16.4.3) 
Combining equations (16.4.1), (16.4.2), and the inequalities in (16.4.3), we get 
the inequalities 


K a“ 
er ip OF (16.4.4 
Qı ax, ae ) 
and 
L a, 
ee eee 
Qı Tig, 2 (16.4.5) 


1 
where equation (16.4.4) represents the capital constraint on output of good 1 when 
Q, units of good 2 are produced and equation (16.4.5) is the labor constraint on 
output of good 1 when Q, units of good 2 are produced. Hence the production- 
possibility frontier is given by 


| K i 
QA in| £ -SQ2,—- sa) (16.4.6) 
a, a, 
where Sk = ax,/ax, and Sı = a,,/a,,."° The production frontier is shown in 
Figure 16.4.1. The line DEA is the capital constraint (16.4.4) and shows the maxi- 
mum Q; that can be produced for each output of Q», given the fixed capital stock K 


“The reader may wish to show that this production-possibility frontier can be derived from an 
Edgeworth box as in section 16.3. The fixed coefficient model production function for Q, is 
Q, = min{L,/a.,, Ks/ax,} and for Q» is Q: = min{Ly/a,., K3/ax,}. The isoquants are right angles for 
the fixed coefficient production function. Note that the production functions are linear homogeneous. 
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Figure 16.4.1 Production Possibiiiy Frontier. =~ 


Q, 
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Output of Q, 


in the economy. Similarly, the line CEB is the maximum output of Q, for each 
output of Q,, given the labor constraint. The set of achievable outputs (that is, 
combinations of Q, and Q; that do not violate either the labor or capital constraint) 
is the area OCEA. The production frontier is CEA. 

From this description of Figure 164.1 we see that the point D is K/ay, and the 
slope of DEA is —Sx. The point C is L/aj,,, and the slope of CEB is —§,. As 
drawn, Sk > S; and the lines intersect at £.” Over the range of output of Q, from 
O toF in Figure 16.4.1, production of Q, occurs along CE. Hence, capital is a 
redundant factor (less than K is needed for production in this range), and accord- 
ingly, its price is zero for these outputs. Since an additional unit of capital is worth 
nothing in this range, producers will pay nothing for it. Only when more labor 
is employed can they use up the capital that they already have. Similarly, over 
the range from F to A of output of Q, (that is, output of Q, along EA), labor is 
redundant and its price is zero for these outputs. Only at output F of Q, (or out- 
put G of Q,) are both labor and capital fully employed. 


case. Production-possibility frontiers consisting of straight-line segments like the one shown in 
Figure 16.4.1 are said to be “piecewise linear.” 
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In the general equilibrium to be discussed we will be interested in determining 
the prices of goods 1 and 2, the wage rate, and the interest rate or rental rate on 
capital. As in section 16.1, we recognize that only relative prices can be deter- 
mined, so we pick a numéraire commodity and set its price equal to 1, Suppose 
Qz is the numéraire ; then we need to determine pı (the relative price of good 1), 
the relative wage w, and the relative rental rate on capital r. In a competitive 
equilibrium, economic profits in Industry 1 (which produces good 1) and 
Industry 2 (which produces good 2) will be zero. These zero economic profit 
requirements can be stated as 


Pi Q, = wl, + rK; 
Q: = wl, + rK, 
where the first equation says that total revenue equals total cost in Industry 1 and 


the second equation says the same for Industry 2. Dividing the first equation by 
Q, and the second by Q+, we get the following conditions. "* 


(16.4.7) 


pisiwel te! mwa > a (16.4.8) 
we Oia) pees he 
L K, 
l=w2+r2= way, + rag, (16.4.9) 
2 Q: 


Now suppose output of Q, is in the range F to A in Figure 16.4.1. In this 
range, output of Q; is in the range O to G; and since labor is redundant, the wage 
rate is zero. Setting w = 0 in (16.4.8) and (16.4.9) and solving these equations 
simultaneously, we find p; = ax,/ax, = 1/Sk and r = 1/ay, over this range of 
outputs. When output of Q; is in the range O to F in Figure 16.4.1, output of Q, 
is in the range G to C and capital is redundant. This means the rental rate for 
capital, r, is zero. Setting r = 0 in (16.4.8) and (16.4.9) and solving, we see that 
over this range of output p; = a,,/a,, = 1/S, and w = 1/a,,. 

Combining these results we derive the supply curve of good 1 in Fig- 
ure 16.4.2. Over the range of output O to G, the price of good 1 is 1/S, as 
represented by the horizontal segment 1/S,A in Figure 16.4.2. Similarly, over 
the output range G to C the price is 1/S,, represented by the horizontal segment 
BE in this figure. The supply function Q, is thus an increasing step function.” 


Equilibrium in a Two-Good Economy 

To complete the analysis of equilibrium in this economy, we must introduce 
demand curves for good 1 and good 2. Once commodity prices are known we 
know factor payments. Given factor payments and the distribution of the commu- 
nity’s assets, both total income and its distribution are known. From this informa- 


"Since the production functions are homogeneous of degree one, these conditions also say that 
marginal cost equals price because marginal cost and average cost are equal. 
A similar supply function for Q+ can be derived in terms of its relative price 1/p,. 
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Figure 16.4.2 Supply of Good 1 
P, 


Relative price of good 1 


° G C 


Output of good 1 


tion we can in principle calculate the determinants of individual, and hence total, 
commodity demands. We can thus introduce aggregate demand curves specified 
as di(p,, 1) and d,( p,, 1) for commodities | and 2, respectively. We also note that 
by Walras’s Law we can ignore one of these demand functions—say the 
second — since this market will be in equilibrium if the rest of the markets in the 
economy are in equilibrium.” 

If the demand curve for product 1 intersects the supply curve of Figure 16.4.3 
in the segment 1/S A, then, as we have seen, the price of good | is 1/Sx,w = 0, 
and r = 1/ax,. The output of industry 1 is in the interval OG at the point that 
d, intersects the supply curve. If d, intersects the segment BE of the supply curve, 


“Recall our use of Walras’s Law in a related context in section 16.1. Since total income of the 
economy is given by equations (16.4.7), the consumer budget requirement that total demand equal 
total income yields 


pid, + d: = piQ; + Q. 


_ Hence, if pid; = p.Q,, it follows that d; = Q,. Equilibrium in market 2 is assured by equilibrium in 


market 1. 
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Figure 16.4.3 Supply and Demand for Good 1 


P, 


Relative price of good 1 


[o] G 
Output of good 1 


then output, Q,, is in the interval GC at the point of intersection of supply and 
demand. In this case pi = 1/S1, w = 1/aų, and r = 0. 

When d; passes between points A and B as in Figure 16.4.3, output of good 1 
will be OG and price can be determined along d, at this output. In Figure 16.4.3 
this price is given by př. Given this price, equations (16.4.8) and (16.4.9) can 
be solved for the equilibrium values of r and w. The results are 


SL ame) 
ax, Sk 
¢ (16.4.10) 


In our graphical example Sk > Sı and, from equations (16.4. 10), this means that 
an increase in p¥ decreases the interest rate and increases the wage rate. 
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Factor Intensities and the Relationship between Factory Prices and 
Prices 


16.4.c 


When output in Industry 1 is Q,, demand for labor and capital in that industry are 
Lı = aQ, and K, = ax, Qi. The capital-labor ratio in Industry 1 is thus 


a (16.4.11) 
Li a, 
Ky _ ak, (16.4.12) 
L: a, 


If ax,/a,, > ay,/a,,, Industry | is said to be relatively capital-intensive (and 
Industry 2 is relatively labor-intensive). If ax,/a,, < ax,/a,,, then Industry 2 is 
said to be relatively capital-intensive (and Industry 1 is relatively labor- 
intensive). Using equations (16.4.10), we see that r* will increase as pf does if 
S./Sx — 1 > 0 and w* will increase as pë does if S,/S, — 1 > 0. Observe, 
however, that S,/S, — 1 > O means that ax,/a,, > ax,/a,,, 50 as př increases 
r* will increase if Industry | is relatively capital-intensive. Since S,/Sx — 1 > 0 
means S/S, — 1 < 0, an increase in the price of Q, decreases w*. The reverse 
would hold if Industry 1 were labor-intensive. This illustrates what is known as 
the Stolper-Samuelson Theorem. This theorem says that an increase in the price 
of a commodity gives rise to an increase in the real reward of the factor used 
relatively intensively in the production of that commodity, and to a decline in the 
real reward of the other factor.” ; 


E a aaa aaa 


SYNOPSIS 
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m Having dealt with consumers, entrepreneurs, and other individual 
economic agents in the earlier chapters, we now turn our attention to how 
the actions of all these more or less independent economic agents fit 
together in an economic system. This line of inquiry, known as the theory 
of general economic equilibrium, has a history going back to the work of 
F. Quesnay in the 18th century. 

E By examining simple economies in which each individual may act in two 
or more different roles (such as entrepreneur/land owner on one hand and 
consumer/labor supplier on the other hand), it can be seen how the 
analytical techniques in the first four parts of this book can be put together 
to describe a stationary general equilibrium. A new concept that emerges 
from this exercise is Walras’s Law, which states that in an economy with 


*'For further detail see Wolfgang F. Stolper and Paul A. Samuelson, “Protection and Real Wages,” 
Review of Economic Studies, IX, no. 1 (November 1941), pp. 53-73. Reprinted in Readings in the 
Theory of International Trade, ed. Howard S. Ellis and Lloyd A. Metzler (Philadelphia: Blakiston 
Co., 1949), pp. 333-57. 
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n markets, equilibrium in any n — 1 of them assures equilibrium in the 
remaining market. By using general equilibrium analysis we are able to 
see how relative prices and outputs are determined in the aggregate 
economy. 

m The analysis of a simple exchange economy shows how individuals can 
gain by trading until the allocation of goods is such that the marginal rate 
of substitution between every pair of goods is the same for all parties 
consuming the goods. The set of all allocations that satisfy the equilibrium 
condition is known as the contract curve. Points on the contract curve are 
Pareto optimal; that is, given any point not on the contract curve, it is 
possible to find at least one point on the curve that is preferred in the 
sense that it makes one or more parties better off and no party worse off. 
Using the contract curve, one can derive the utility-possibility frontier 
showing the maximum satisfaction attainable by one of two parties for 
each given level of satisfaction of the other. 

m A competitive equilibrium is a particular point on the contract curve. 
When prices are set at the levels that correspond to the competitive 
equilibrium, individuals voluntarily trade until that point is reached. The 
competitive equilibrium in an economy depends on the initial endowments 
of the economic agents. 

m The core of an economy refers to those points on the contract curve that 
cannot be blocked. A point can be blocked if there is some coalition that 
can get together and make all of its members better off than they would 
have been at the original point. As the number of traders increases, the 
core shrinks to the competitive equilibrium so that we ¢an confine our 
attention to that one (or those few) points on the contract curve. 

m The general equilibrium of production occurs when the marginal rate of 
technical substitution between every pair of inputs is the same for all 
producers using both inputs. This point is not unique; the collection of all 
such equilibrium points is again called the contract curve. This contract 
curve is optimal in the sense that, if producers are not on the curve, the 
output of one or both of the commodities can be increased and the output 

either decreased. This contract curve can be used to derive the 
production-possibility frontier showing the maximum attainable output of 
one commodity given each possible level of output of the other. 

m In an economy with two inputs (each fixed in supply), two outputs (Q, 


and Q3), and fixed coefficient production functions, the © 
ier usually will be piecewise linear like the one 


production-possibility fronti 
shown in Figure 16.5.1. 
it is easy to see the equilibrium relative prices of 


=m In this simple economy, 
inputs and outputs. The relative prices of the inputs depend on the relative 


prices of the outputs and the capital-labor ratios in each industry. The 
relationship between changes in input prices and output prices in this kind 
of economy illustrates the Stolper-Samuelson Theorem, which states that 


of n 
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Figure 16.5.1 A Piecewise Linear Production—Possibility Frontier 
Q, 


Output of Q, 


Output of Q, 


an increase in the price of a commodity gives rise to an increase in the 
relative price of the input used relatively intensively in the production of 
that commodity. 


a ee a 


QUESTIONS AND EXERCISES 


1. Using the model of section 16,1, describe the general equilibrium of an economy 
consisting of a single farmer. 

2. Using the model of section 16.1, describe the general equilibrium when one farmer 
owns all the land (but never works) and the other farmer works but does not own 
any land. 

3. Consider a pure exchange economy consisting of two goods, X and Y, and two 
individuals, A and B. Both A and B regard goods X and Y as strict complements. 
If individual A has utility U,, the Strict complementarity requires that A have the 


following quantities of X and Y: 
X, = 3U; 
Y, = 10U,. 
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(These are minimum requirements in the sense that additional units of X above the 
indicated amount do not add utility if no additional units of Y are given to A, and 
vice versa.) Similarly, if B has utility Us, the strict complementarity requires that 
B have the following quantities of X and Y: 


Xz = 10U3 
Ys = 3U3. 


There is a total of 300 units of X in the economy and a total of 540 units of Y in 
the economy. Find the utility-possibility frontier for this economy. 
4. How does the supply curve in Figure 16.4,2 change: 
a. When the total capital stock K is increased? 
b. When the total labor force L is increased? 
c. When both ax, and a; double? 
d. When both ax, and ag, double? 
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CHAPTER 


7 Theory of Welfare Economics 


Should local phone companies be allowed to charge for directory assistance 
calls? What are the consequences of the current minimum wage law for 
economic efficiency? How about retail sales taxes? The material in this 
chapter demonstrates that as long as the strict conditions of the perfectly 
competitive model are met, an unregulated price system will perform the 
function of fulfilling the marginal conditions necessary for Pareto optimality. 
Mastery of this material provides the framework for the analysis of the 
efficiency effects of myriad forms of government intervention in the economy, 
including the policies associated with each of the questions just posed. This 
chapter also considers what happens when the strict conditions of the perfectly 
competitive model are not met— for example, when “external diseconomies” 
or “external economies” are present in the form of pollution or “public goods” 
such as national defense, m 


APPLYING THE THEORY 


Directory Assistance Telephone Pricing 


Cincinnati (UPI) — Pam Sanders is one 
of 370 telephone operators here who do 
nothing but handle the monthly load of 
more than 2.25 million “directory 
assistance” calls. 

“Almost all the calls I get are for 
numbers in the phone book,” says Pam, 
who estimates she talks to 600 callers each 
three hour work split. “I try to be 
diplomatic and say, ‘the number is listed 
as...,’ but what I really mean is, ‘next 
time look in your book.’ ” 

Callers may start looking in the book 
because soon it’s going to cost 20 cents to 
get the number from Pam or another 
information operator here. 

Beginning Sunday, the Cincinnati Bell 
Telephone Co. will allow its customers 
only three free information calls a month 
within the large Southwestern Ohio area 
code of 513, and.then charge 20 cents for 
all subsequent requests. 

And if you dial “0” for the regular 
operator and request a phone number, it 
will cost you 40 cents because two opera- 
tors will be involved. 

Cincinnati Bell, which serves about a 
half-million customers, is believed to be 
the first phone company in the nation to 
charge such a fee. It could be the start ofa 
national trend since other phone companies 
across the country have filed similar 
requests with their state utility 
commissions. 

But the move by Cincinnati Bell has not 
been without opposition. 

A citizens protest is being led by Jim 
Howard Witt, a suburban Fairfield Radio 


News Director, who believes his “Citizens 
for Fair Telephone Rates” group is the only 
stopgap in what he calls the “telephone 
domino theory.” 


Questions 


1. If the goal is to obtain Pareto . 
optimality, which of the two pricing 
policies below would you favor for 
directory assistance calls: 

Policy 1, Charging only directory 
assistance callers a given price per 
directory assistance call (as Cincinnati 
Bell just instituted). 

Policy 2. Putting the average cost of 
all the directory assistance calls into 
‘every customer’s basic monthly service 
charge, whether or not the customer 
actually made any directory assistance 
calls. (This is the policy currently 
followed by most phone companies, 
according to the article.) 


2. How does your answer relate to the 


three marginal conditions for social 
welfare explained at the beginning of 
the chapter? Which condition would be 
violated if the pricing policy you chose 
not to use were in place? 


Solutions 
1. The policy of putting the average cost 


of all the directory assistance calls into 
every customer’s basic monthly service 
charge (policy 2) is inefficient and will 
not lead to a pareto maximum, To see 
this, first note that this policy results in 
(continued on page 526) 
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(continued from page 525) 

a zero effective price for directory 
assistance calls by any one 
person—such person’s call(s) will _ 
have a negligible effect on total cost, 
and therefore average total cost. As a 
result of this policy, we would expect 
quantity Q, calls to be made (see fol- 
lowing figure), for directory assistance 


MC 


D 
Q, Qa 


Directory assistance calls 


Q 


calls can be expected to be made as 
long as the “marginal value” (or MRS 
in terms of money) is the smallest bit 
above zero. , y 

This will lead to “overuse” (over- 
production) of directory assistance calls 
as long as the marginal cost (at Q,) is 
above zero. Thus, instead of producing 
directory assistance calls until the price 
(marginal value) equals marginal cost, 
or equivalently, where the marginal 
benefit equals the marginal cost, this 
second pricing policy results in too 
many calls (and too few all other 
goods.) 

The first policy of charging directly 
for directory assistance calls will be 
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efficient (and result in a Pareto 
maximum) as long as this price 

is set equal to the height of the 
demand curve at the point where 

the demand curve intersects the 
marginal cost curve. (This would occur 
at price P, in Figure 17A.) The 
resulting output level (Q,) is the one 
where the benefit of the “marginal call” 
(measured by the height of the demand 
curve) just equals the cost of the 
“marginal call.” 

2. In terms of the marginal conditions for 
social welfare presented at the 
beginning of the chapter, the “marginal 
condition for product substitution” is 
violated. Note that the current pricing 
policy (policy 2) results in the effective 
price for directory assistance to be 
zero, while the marginal cost is greater 
than zero. As a result of this price not 
reflecting marginal cost, the MRS of 
directory assistance calls for all other 
goods (AOG) will be less than the 
MRT of directory assistance calls for 
AOG. The latter is equal to 


MC girectory iel Mi Caoc, 
while the former equals 


Piina, assinance/ PaoG 


As explained in the discussion 
accompanying Figure 17.1.1 in the 
text, this implies that production should 
be shifted away from directory 
assistance calls toward more all other 
goods (AOG). 


Source: Excerpts from UPI dispatch concerning 
directory assistance telephone calls 


INTRODUCTION 
17.1 


The general equilibrium conditions of production and exchange, analyzed in 
Chapter 16, can be used to develop the “marginal” conditions for maximum 
social welfare and to assess the efficiency of a perfectly competitive economy. It 
might also help explain why there is usually only one unique general equilibrium 
of relevance among the multiple infinity of possible general equilibria that are 
Pareto optimal. 


Marginal Conditions for Social Welfare 

17.1.a 

First return to Figure 16.2.3, which illustrates the general equilibrium of ex- 
change. As you will recall, we proved that a position of equilibrium must occur 
on the contract curve because if some other distribution momentarily existed, one 
or both trading parties could benefit, and neither be harmed, by moving to a point 
on the contract curve. Any point on the contract curve satisfies the optimum 
conditions of exchange and gives rise to the first marginal condition for a Pareto- 


welfare maximum. 


Marginal Condition for Exchange: To attain a Pareto maximum, the marginal 
rate of substitution between any pair of consumer goods must be the same for 
all individuals who consume both goods. 


If this does not hold, one or more individuals would benefit from exchange 
(without injuring others), as shown by Figure 16.2.3. 

The second marginal condition is based on Figure 16.3.1, which illustrates 
the general equilibrium of production. With the aid of that figure, we proved that 
equilibrium must be attained on the contract curve because if a different allo- 
cation of inputs momentarily prevailed, the output of one or both commodities 
could be increased, and the output of neither decreased, by moving to a point on 
the curve. All points on the production contract curve satisfy the optimum condi- 
tions of factor substitution and lead to the second marginal condition for a 


Pareto-welfare maximum. 


Marginal Condition for Factor Substitution: To attain a Pareto maximum, 
the marginal rate of technical substitution between any pair of inputs must be 


the same for all producers who use both inputs. 


Otherwise, a reallocation of resources would result in a greater aggregate output, 
without a reduction in the output of any commodity. 
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The final marginal condition for a welfare maximum is based on the optimum 
conditions of product substitution. it is actually a combination of the two pre- 
vious sets of conditions and may be stated as follows: 


Marginal Condition for Product Substitution: To attain a Pareto maximum 
the marginal rate of transformation in production must equal the marginal rate 
of substitution in consumption for every pair of commodities and for every 
individual who consumes both. 


This final proposition is established with the aid of Figure 17.1.1. 

The curve labeled 77" is the production-possibility frontier, or transformation 
curve, as derived in Figure 16.3.2. Given full resource utilization, it shows the 
maximum producible amount of either commodity for every given level of output 
of the other. The slope of the transformation curve at any point shows the number 
of units of good Y that must be sacrificed in order to free enough resources to 
produce one additional unit of good X. With full employment of all resources, 
more of one good necessarily entails less of another. 


Marginal Rate of Transformation: The negative of the slope of the 
transformation curve is called the marginal rate of transformation of X into Y. It 
shows the number of units by which the production of Y must be decreased in 
order to expand the output of X by one unit. 


Now suppose a pair of consumers has attained an exchange equilibrium, which 
means that their marginal rates of substitution in consumption are equal. Further, 
suppose the common marginal rate of substitution is such that both consumers 
are willing to exchange two units of Y for three units of X. Next, suppose a 
producer (or producers) has attained an equilibrium of production, in which the 
marginal rate of technical substitution between each pair of inputs is the same in 
the production of X as in the production of Y. Finally, suppose this organization 
of production leads to the point P on the transformation curve T7’ in 
Figure 17.1.1, at which the marginal rate of transformation is /s—that is, by 
curtailing the output of Y by 1⁄4 unit, one additional unit of X may be produced. 

Clearly a general equilibrium has not been obtained. By reducing the output 
of Y, the output of X can be expanded by more than enough to keep each 
consumer on his or her original indifference curve. Since consumers are willing 
to give up 2Y for 3X, and since producers can turn 2Y into 4X, there is room for 
improvement. Producers can reduce their output of Y by four units and sell the 
eight units of X to the two consumers. Since each consumer views three units of 
X as a substitute for two units of Y, each would be willing to pay more for four 
units of X than for the two units of Y. If producers shift their resources from Y 
production to X production, both consumers may be made better off. Con- 
sequently, the initial position could not have been one of Pareto optimality. 

Thus, if the marginal rate of transformation is less than the common marginal 
rate of substitution in consumption, a point of Pareto optimality cannot exist. A 
similar line of reasoning will show that if the marginal rate of transformation 
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Figure 17.1.1 Marginal Conditi 
Dareus gi dition for Product 


Output of good Y 


r 
Output of good X 


exceeds the common marginal rate of substitution in consumption, producers 
should shift some resources from X production to Y production. Therefore, since 
an organization cannot be Pareto optimal if the marginal rate of transformation 
is not equal to the common marginal rate of substitution in consumption, the 
marginal condition for product substitution is established: a Pareto-optimal 
organization is achieved only if the marginal rate of transformation is equal to 
the common marginal rate of substitution in consumption for all pairs of con- 


sumer goods. 


Welfare Maximization and Perfect Competition 
17.1.b 


The three sets of marginal conditions developed above state the necessary 
conditions for welfare maximization in any type of society, that is, for the 
attainment of a Pareto-optimal equilibrium. We now wish to show, subject to the 
reservations in section 17.3, that a perfectly competitive ‘free enterprise system 
attainment of Pareto optimality. The proof rests on the maximizing 


guarantees th 
behavior of producers and consumers. To recall the dictum of Adam Smith, each 
individual, in pursuing his own self-interest, is led as if by an “invisible hand” 


to a course of action that promotes the general welfare of all. 

Look just at the marginal condition for exchange, which requires equality of 
the marginal rates of substitution between every pair of goods for all consumers. 
As shown in Chapter 2, to maximize satisfaction subject to limited income, each 
arranges purchases so that the marginal rate of substitution is equal to 
the price ratio for every pair of goods. Under perfect competition, prices, and 
therefore price ratios, are uniform for all buyers. Hence each consumer purchases 
goods in such quantity that his or her marginal rate of substitution equals the 


consumer 
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common price ratio faced by all consumers. Therefore, the marginal rate of 
substitution between every pair of goods must be the same for all consumers; the 
marginal conditions for exchange are a consequence of the price system under 
perfect competition. 

Next, consider the marginal condition for factor substitution: The marginal 
rate of technical substitution between every pair of inputs must be the same for 
all producers who utilize them. As shown in Chapter 14, each perfectly com- 
petitive producer employs inputs in such proportions that the marginal rate of 
technical substitution (the ratio of marginal products) equals the input-price ratio. 
Entrepreneurs do this to maximize profit (obtain the least-cost combination of 
inputs). In a perfectly competitive market, input prices are the same to all 
producers; hence each equates the firm’s marginal rate of technical substitution 
to a common input-price ratio. The marginal rates of technical substitution are 
equated accordingly across firms; and the marginal condition of factor substi- 
tution is also a consequence of the price system under perfect competition. 

Finally, we come to the marginal condition for product substitution: The 
marginal rate of transformation in production must equal the marginal rate of 
substitution in consumption for each pair of goods. The proof in this case 
requires a slight digression. 

As previously said, the marginal rate of transformation shows the number of 
units by which the production of Y must be curtailed in order to free enough 
Tesources to produce an additional unit of X. If the output of X is increased by 
one unit, the marginal cost of producing X shows how much each additional unit 
of X costs. But if the output of X is increased, the output of Y must be dimin- 
ished; hence the marginal cost of producing Y shows how much is saved by 
reducing Y output one unit. Hence, dividing the marginal cost of producing X by 
the marginal cost of producing Y, one finds the number of units of Y that must 
be sacrificed to obtain an additional unit of X.' Accordingly, the marginal rate of 
transformation of X into Y equals the ratio of the marginal cost of X to the 
marginal cost of Y. 

Under perfect competition profit maximization is achieved by producing that 
volume of output for which marginal cost equals price. Thus under perfect 
competition the marginal rate of transformation of X into Y must equal the ratio 
of the price of X to that of Y (because both must equal, the marginal cost ratio), 
By previous argument, the marginal rate of substitution of X for Y must equal the 


_Tatio of the price of X to the price of Y. As in the two previous cases, the marginal 


condition for product substitution is a consequence of the price system under 


perfect competition.’ 


‘Consider point P in Figure 17.1.1. With the output of Y large relative to the output of X, the 
marginal cost of Y will be large relative to that of X. Suppose the marginal cost of Y is $10 and the 
marginal cost of X is $5. Their ratio is $5/$10 or Ys. Thus one half of a unit of Y must be sacrificed 
to produce one additional unit of X. 

If X is increased by AX then the increase in cost is MCxAX where MC is the marginal cost of 
X. The reduction in Y, AY, must reduce cost by the same amount, otherwise the point would not be 
on the transformation curve and producers could do better. Thus, MC AX = —MC\AY. or 


(continued on page 531) 
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EXERCISE 1 


In 1977 the U.S. Postal Service was considering a new pricing 
scheme for first-class postage stamps. Buyers were either categorized 
as businesses or nonbusinesses; businesses were to be charged 

16 cents for first-class stamps, while nonbusinesses were to be 
charged 13 cents. Assuming the Post Office could distinguish the two 
groups, would this result in a Pareto maximum? If not, explain 
which of the marginal conditions in subsection 17.1.a is violated and 
why. 


Solution 

This pricing scheme would not result in a Pareto maximum, since 

it results in a violation of the marginal condition for exchange, 

whereby the MRS between any pair of consumer goods must be 

the same for all individuals who consume both goods. Each con- 

sumer will maximize her utility by setting her MRS equal to the ratio 
. of the commodity prices. But since businesses face a different price 

for stamps than nonbusinesses, the two groups end up with different 

MRSs in equilibrium. In equilibrium (using AOG to represent the 

other good), 

MRS sampvaoc Of business will equal Psampi/ Paoa = 16/ Proc. 


This will exceed MRSsumpvaog Of nonbusinesses, which will equal 
Paamps/Paoc = 13/Paoc- As a result, there can be further exchange 
between businesses and nonbusinesses that will enable both to be bet- 
ter off. Businesses could purchase stamps from nonbusinesses at any 
price between the ratios above. For example, if we think of the other 
good as dollars (with Paos = 1), businesses could gain by buying 
stamps for 15 cents, since they were willing to give up 16 cents for 
another stamp and remain indifferent. Similarly, nonbusinesses would 
gain from selling stamps for 15 cents since they would be indifferent 
to giving up a stamp:if they received 13 cents. The key here is that 
unlike the case under perfect competition, all consumers don’t face 


the same price for stamps. 


(continued from page 530) 
Bey LY UREN 
MCy AX 


When the price of X and the price of Y equal their respective marginal costs, 
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EXERCISE 2 


Consider the current U.S. minimum wage law, which is sometimes 
referred to as a “selective” minimum wage law; that is, the statutory 
minimum wage (currently $3.35 per hour) applies to some, but not 
all workers. For example, workers in the manufacturing sector are 
covered, but not those in agriculture. (Incidentally, this feature of the 
law makes the situation exactly analogous to the situation analyzed in 
the “Applying the Theory” section in Chapter 7, where shrimp peelers 
in Texas were covered by the minimum wage law, but similar workers 
just across the border in Mexico were not.) 

Show that the current U.S. minimum wage law violates the mar- 
ginal condition for factor substitution (in subsection 17.1.a) that leads 
to a Pareto-welfare maximum. Also explain carefully how it would 
be possible to produce more manufacturing goods or agricultural 
goods or both (while the output of neither is reduced) by rearranging 
factors of production between these two sectors. (Note: the efficiency 
implications of a general minimum wage law —one that applies to 
all workers —is considered in subsection 17.2.j of this chapter.) 


Solutions 

The marginal condition for factor substitution says that to obtain a 
Pareto maximum, the marginal rate of technical substitution between 
any pair of inputs must be the same for all producers who use both 
inputs. Producers in manufacturing who use both unskilled workers 
and machinery will hire inputs such that 


MP,/MP, = P,/ Px, 
where 

MP, = marginal product of (unskilled) labor; 

P, = price of labor; 

MP, = marginal product of machinery; 

P, = price of machinery. 
Producers in agriculture who use both unskilled workers and machin- 
ery will do the same thing. In the absence of the minimum wage 


law, all producers using both inputs would (presumably) face the 
same factor prices, and therefore, 


(MP, /MP,]“ = [MP,/MP,}\. 
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Thus, the marginal condition for factor substitution would be ful- 
filled. However, as a result of the minimum wage law, producers 
who use unskilled workers in manufacturing will face a higher price 
for (unskilled) labor than producers who use the same labor in agri- 
culture (where the minimum wage doesn’t apply). As a result, 


[MP,/MP]" = (P,/P,)", which exceeds P,/P^ 
= [MP,/MP,}. 


Therefore, (MP,/MP,}" will exceed [MP,/MP;]*, and the marginal 
condition for factor substitution will be violated, 

The situation as a result of the minimum wage law is exactly 
equivalent to that at point D in Figure 16.3.1. Let agricultural goods 
be represented by x and manufactured goods by y. By rearranging 
factors of production between these two types of producers, it is pos- 
sible to get more of one good without producing any less of the 
other. (It is also possible to produce more of both goods.) If pro- 
ducers of y (manufactured goods) gave up some machinery (k) but 
received more workers (/) to move to a point like P}, then the output 
of manufactured goods would increase—they would be on isoquant 
Illy instead of Ily. If the producers of agricultural goods (x) received 
the machinery given up from the y producers and provided the labor 
for the change above, they would find their output level unchanged 
along isoquant IIx. Any exchange of factors at a rate between the 
ratios of marginal products above (or equivalently, the ratio of the 
input prices) would result in a greater aggregate output without a re- 
duction in the output of either manufacturing or agricultural goods. 


fd! SASH ir PO eh Ae Anti os re STE 


The result of this section may be summarized by the following: 
Proposition: If the political organization of a society is such as to accord 
paramount importance to its individual members, social welfare will be 
maximized if every consumer, every firm, every industry, and every input 
market is perfectly competitive. 


An interesting extension of this proposition applies toa planned economy. In 
the introduction to Part 5 it was said that the “invisible hand might more 
appropriately be called the “invisible computer.” Neither designation gives much 
hint of the underlying principle: each individual maximizes in light of market- 
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determined (parametric) prices. The functioning of the price system in perfectly 


competitive markets leads to the social welfare maximum; stated alternatively, 
when each individual implicitly solves his or her constrained maximization prob- 
lern, the result is a set of prices that, given the individual behavior, leads to 
maximum social welfare. Speaking mathematically, these prices are nothing 
more than Lagrange multipliers, perhaps ground out by the “invisible computer” 
in the process of solving the welfare-maximization problem. 

This invisible computer is not available to a planned society; however a 
visible, tangible one (or its equivalent) is. The state planning agency (given 
knowledge of individual preference patterns and production functions) could use 
the visible machine to solve the now explicit constrained maximization problem, 
The resulting Lagrange multipliers are “shadow” prices, the equivalent of market- 
determined prices under perfect competition. Maximum social welfare in this 
type of society can be attained by following the so-called Lange-Lerner rule. 


Proposition (Lange-Lerner Rule): To attain maximum social welfare in a 
decentralized socialist society, the state planning agency should solve the 
constrained-maximization problem and obtain the shadow prices of all inputs 
and outputs; publish this price list and distribute it to all members of the 
society; and instruct all consumers and all plant managers to behave as 
though they were satisfaction or profit maximizers operating in perfectly 
competitive markets. 


Of course, things are not that simple. For the actual computer to grind out the 
correct shadow prices, it must have the correct data. That means that every 
consumer's utility function must be programmed into the computer. Furthermore, 
every firm’s production function must reside in that computer’s memory. A major 
virtue of a market economy is that each consumer and producer need only possess 
the information relevant to him- or herself; he or she must only know his or her 
own utility or production function. The market ensures that the knowledge of 
individual agents is coordinated in the appropriate fashion.’ But the problem is 
more than one of mere programming. Although that task is obviously enormous, 
there are additional incentive difficulties. 

Telling consumers and producers to behave as though they were satisfaction 
or profit maximizers and getting them to do so are two different matters, If a 
manager’s compensation does not depend on behaving appropriately, he or she 


_ has little incentive to do so. If the manager is compensated only for maximizing 


profits, if workers are paid for their labor, and consumers must use this income 
to buy goods and services, then there is little distinction between the computer 
shadow price economy and the one where the computer is invisible, but actual 
prices are used. 


*See F. V. Hayek, “Economics and Knowledge.” Economica 4 (1937). pp. 33-54 
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We now examine the problem of welfare maximization in greater detail. * 
General Assumptions 
17.2.a pink 


The model employed here is identical with that used in the general equilibrium 
analysis of production and exchange, except that one additional assumption (4) 
is required. Our original assumptions are now recounted and the additional one 
supplied. 


(1) There exist fixed, nonaugmentable endowments of two homogeneous and 
perfectly divisible inputs, labor (i) and capital (K). Alternatively, one 
may assume that these inputs are inelastically supplied and the period of 
analysis is not sufficiently long to permit a change in the given supplies. 

(2) Only two homogeneous goods are produced in the economy, fish (F) and 
cabbage (C). The production function for each is given and does not 
change during the analysis. Each production function is smooth (con- 
tinuous), and each exhibits constant returns to scale and diminishing 
marginal rates of technical substitution along any isoquant. 

(3) There are two individuals in society, A and B. Each has a well-defined 
ordinal preference function yielding indifference curves of normal shape, 
For convenience, an arbitrary numerical index is adopted for each func- 
tion, denoted U, and Us. 

(4) There exists a social welfare function that depends exclusively on the 
positions of A and B in their own preference scales [for example, 
W = W(U,,Us)]. The social welfare function permits a unique prefer- 
ence ordering of all possible situations (hereafter called states),* 


With these assumptions, our problem is to determine the welfare-maximizing 
value of the following variables: the input of labor into fish and cabbage produc- 
tion (Lr,L¢); the input of capital into fish and cabbage production (K,Kc); the 
total amount of fish (F ) and cabbage (C) produced; and the distribution of F and 
C between A and B (Fy,F5,C,,Cp). 


*This section is based on Francis M. Bator, “The Simple Analytics of Welfare Maximization,” 

American Economic Review 47 (1957), pp. 22-59, especially pp. 23-31. 
ion 4 i i i it i al valu- 

*Assi 4 is heroic and involves some controversy. Clearly, it includes some ethic 
ations ae the relative positions of A and B. On this thorny problem, see Kenneth J. Arrow, 
Social Choice and Individual Values (New York: John Wiley & Sons, 1951); Paul A, Samuelson, 
Foundations of Economic Analysis (Cambridge, Mass.: Harvard University Press, 1947), 
pp. 203-53; and Paul A. Samuelson, “Social Indifference Curves,” Quarterly Journal of Economics 
70 (1956), pp. 1-22. 
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Retracing Some Seps: From Production Functions to the 
oe ity Frontier : 
17.2. 


By assumption 1, there are fixed endowments of two homogeneous inputs; sup- 
pose the amounts are K and L of capital and labor, respectively. The magnitudes 
of these endowments determine the dimensions of the Edgeworth box diagram 
shown in Figure 17.2.1. Next, by assumption 2, the production function for each 
commodity is given and characterized by smooth isoquants that exhibit constant 
returns to scale and diminishing marginal rates of technival substitution. These 
isoquants are plotted as Ip, .. . , [Vp and Ic,.,., Ve in Figure 17.2.1. Satisfying 
the optimum conditions of factor substitution (equal marginal rates of technical 
substitution) leads to the contract curve in input space, labeled EE’. As we have 
already shown in Chapter 16, subsection 16.3.c, the contract curve may be 
mapped from input space into output space, thereby becoming the production- 
possibility frontier, or transformation curve. 

The particular transformation curve associated with the contract curve EE’, 
and therefore directly associated with the fixed input endowments, -is plotted as 
TT’ in Figure 17.2.2, As you will recall, the slope of this curve indicates the 
marginal rate of transformation of fish into cabbage. It indicates exactly how 
many cabbages can be produced by a marginal transfer of capital and labor from 
fish production to cabbage production, under the assumption that inputs are 
optimally reallocated in each production process after the transfer (so as to 
maintain the optimal condition of factor substitution). Consequently, the mar- 
ginal rate of transformation is the marginal cabbage cost of an additional fish, or 
the inverse of the marginal fish cost of an additional cabbage. 


eg Possibilities and the Optimum Conditions of Exchange 


Select any point on the transformation curve TT” in Figure 17.2.2. Let the point 
be S, so that the total output of fish and cabbage are OF and OC respectively. 
the corresponding point in input space (and the associated allocation of K and L 
to F and C production) is labeled $” in Figure 17.2.1. 

The outputs OF and OC determine a particular volume of goods available to 
A and B; these outputs accordingly determine the dimensions of an Edgeworth 
box diagram for exchange. This diagram is constructed in Figure 17.2.2 by 
dropping perpendiculars to the axes from the point S. The original origin O 
becomes the origin for A, O4, and the point $ becomes B's origin, Og. By 


Curves U,j, ...; U» illustrate A’s preference field and Ug)... Us, show B's. 
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Figure 17.2.1 Production Map in In a it ibili 
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entire output of fish and cabbage. Thus the contract curve is labeied GsGs to 
denote that it is the curve relative to the point $ on the transformation curve; and, 
as you will recall, it is the locus of exchange possibilities satisfying the optimum 
conditions of exchange (that is, it is a locus of Pareto-optimal points). 


Retracing Some Steps: From the Contract Curve to the 
Utility-Possibility Frontier 

17.2.4 

By observing the utility levels of A and B at each point along the contract curve 
in Figure 17.2.2, one may generate the utility-possibility curve relative to the 
output point $, as shown in Chapter 16, subsection 16.2.d. The utility-possibility 
curve relative to S is plotted as GsG¢ in Figure 17.2.3. This curve alone does not 
help us much because it shows an infinite number of Pareto-optimal utility pairs 
corresponding to each of an infinite number of Pareto-optimal production pairs. 
We are just where we were at the end of Chapter 16; a multiple infinity of possible 
equilibria exist. However, we can remove one “infinity” dimension. 

The optimum conditions of product substitution require equality between the 
marginal rate of transformation in production and the marginal rate of substitution 
in consumption for all pairs of goods and for all individuals consuming these 
goods. For our particular model, the conditions require equality between the 
inarginal rate of transformation of fish into cabbage and both A’s and B’s mar- 
ginal rate of substitution of fish for cabbage. Recall that if this condition did 
not hold, there was a better way to organize production that would make all 


individuals better off. 
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Figure 17.2.3 Utility-Possibility Frontier: From Output 
to Utility Space i ` 


Us 
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Index scale for preference of A 


At the production point $ in Figure 17.2.2, the marginal rate of transformation 
is indicated by the slope of the dashed line tangent to TT” at S, labeled MRT re. 
To satisfy the optimum conditions of product substitution, the marginal rate of 
Substitution of both A and B must equal this particular value of the marginal rate 
of transformation. As indicated graphically, this condition is satisfied at the 
unique point S’ in Figure 17.2.2. Consequently, while the locus GsG¢ in 
Figure 17.2.3 is the utility-possibility frontier relative to $, only the single point 
S”, corresponding to $” in Figure 17.2.2, is relevant. Relative to the output 
combination S, $” in Figure 17.2.1 is the only allocation of inputs that satisfies 
the optimum conditions of factor substitution. Furthermore, relative to the same 
output combination of S, S' is the only allocation of fish and cabbage between 
A and B that satisfies both the optimum conditions of exchange and the optimum 
conditions of substitution. As a consequence, $" is the only relevant point on 
GsGs. One dimension of “infinity” is removed: $’ is the only efficient output 


allocation relative to S; but $ can be anywhere on 77" in Figure 17.2.2. One 


dimension of “infinity” remains. 


From a Utility-Possibility Point to the Grand Utility-Possibility 
Frontier 


7.2.e 


Still using Figures 17.2.2 and 17.2.3, we can generate the “grand” utility- 
possibility frontier, or the utility-possibility frontier relative to any point on the 
production-possibility frontier. Imagine $ moving to a point further down 77". 
At the new point there would be more fish and fewer cabbages; a new Edgeworth 
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exchange diagram would be constructed and a new contract curve generated. 
When mapped into utility space, the new contract curve might look like GgGe in 
Figure 17.2.3. 

Yet at the new output combination point on the production-possibility frontier 
TT’, there would be a unique marginal rate of transformation. Again, the opti- 
mum conditions of product substitution would dictate a single relevant point on 
the contract curve or the utility curve GpG, in Figure 17.2.3. This single relevant 
point is indicated by R” in Figure 17.2.3.° 

As the output combination varies over all points on TT’, new Edgeworth 
exchange boxes and new contract curves are generated. But at each output 
combination point there is a unique marginal rate of transformation. This unique 
rate, together with the optimum conditions of product substitution, dictates a 
unique output allocation between A and B relative to the output combination, and 
each of these unique points can be plotted in Figure 17.2.3 as a unique utility 
combination point. The overall utility-possibility frontier is obtained by con- 
necting all these points (points such as S” and R” in Figure 17.2.3). This frontier 
is shown by the heavily shaded line VV’. Each point on this line shows: (a) a 
unique utility combination for A and B associated with (b) a unique, output 
allocation between A and B corresponding to (c) equality between the marginal 
rate of transformation and marginal rate of substitution of F for C (d) at a 
particular F — C output combination on the production-possibility frontier; fur- 
thermore, each F — C output combination dictates (e) a unique allocation of the 
K — L input endowments between the production of fish and cabbage. Quite a 
bit is embodied in VV’; but there is still a single infinity of possible solutions (any 
point on VV’).” 


From the Utility-Possibility Frontier to the Point of Constrained Bliss 


Up to this point the analysis of social welfare has required only assumptions 1-3 
in subsection 17.2.a. To reduce the single infinity of possible solutions to a 
unique solution requires the fourth assumption: there exists a social welfare 
function that depends exclusively on the positions of A and B in their own 
preference scales. 

As previously indicated, this is a heroic assumption. It definitely requires 
ethical valuations regarding the “deservingness” of A and B; in this respect it is 
unquestionably an ascientific concept. Furthermore, even the construction of a 


“For expositional purposes this example was chosen so that there is only one point (R”) in 
Figure 17.2.3 that satisfies the optimality criterion. In some cases it is possible that there are several 
points on the contract curve at which the marginal rate of substitution is equal to the marginal rate 
of transformation. 

The mathematically inclined reader will realize that VV” may be derived as the envelope of the 
utility-possibility curves associated with each point on the production-possibility frontier, 
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theoretical social welfare function is a difficult conceptual task, unless the society 
is ruled by a dictator. In that case the social welfare function is the dictator's 
individual preference function. z 

In the absence of a dictator (ironclad adherence to tradition, customs, mores, 
and such can be a “dictator” for social welfare purposes), how is a welfare 
function developed? By direct vote or by representative vote through a legislature 
would seem logical answers. But either method is likely to fail because of the 
famous “voting paraodox.”* 

The matter may be viewed somewhat differently. Suppose you are A. Your 
principle interest is U,; and with given and fully employed resources, the greater 
Us, the lower Uy. You wish to push as far down and to the right on VV" as 
possible. You probably want a social welfare function that dictates a position very 
close to V’ (and distant from V). But not necessarily. You are interested in Us 
as a consumer; you are interested in the social welfare function as a citizen. In 
the {ater capacity, you may prefer somewhat less U, in order for some Us to 
exist. This is more or less the situation when a property owner whose child 
attends a private school votes for a bond issue (and increased property tax) to 
improve the public school system. Similarly, any contribution to charity is an act 
that reduces one’s satisfaction as a consumer but increases one’s satisfaction as 
a citizen. 

Nonetheless, a social welfare function is difficult to construct, We merely 
assume that one exists. Its existence enables us to represent it by a family of social 
indifference curves, just as an individual's preference function can be represented 
by a family of consumption indifference curves. A portion of this family of curves 
is shown by the set W,W;,..., W,W; in Figure 17.2.4. 

The utility-possibility frontier VV’ is also plotted in this figure. It shows all 
possible combinations of utilities to A and B, given the existing resource base, 
the production functions, and the individual preference orderings. In other words, 
it shows the utility combinations that are physically achievable. The social indif- 
ference curves show utility combinations that result in equal levels of social 
welfare. The higher the curve, the greater is aggregate social welfare. 

For reasons that should now be thoroughly familiar, maximum social welfare 
is attained at Q, where a social indifference curve is just tangent to the utility- 
Possibility frontier. The infinity of possible equilibria has been reduced to a 
unique equilibrium point by considering the welfare of the society as a whole. 
This unique equilibrium Q is called the point of “constrained bliss” because it 
represents the unique organization of production, exchange, and distribution that 
leads to the maximum attainable social welfare. The society, of course, would 
be more “blissful” on WW; But a state on this higher curve is not attainable. The 
resource endowment and the state of the arts “constrains” the society to a point 
on VV". In view of the constraint, society reaches its point of “constrained bliss” 


at Q. 


“The “voting paradox” is illustrated in exercise 7 of Chapter 2, where it is seen that orderings 
established by majority votes may be inconsistent (intransitive). 
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ieee 17.2.4 Maximization of Social Welfare: From 
Ufility Possibilities to "Consirained Bliss" 


Index scale of preference for B 


Ua 


Index scale for preference of A 


It is useful to digress for a moment to consider how everyday notions translate 
into shapes of the welfare curves. 

First consider that A and B have very different personalities, much like two 
of the Seven Dwarfs. Mi. A is a Happy-type individual so that little is required 
to achieve a given level of utility. Mr. B is a Grumpy-type. Almost nothing can 
be done to satisfy him, How should the welfare indifference curves iook? 

Two issues are involved. First, implicit in these statements, and indeed in any 
set of welfare functions, is interpersonal comparisons of utility. To say that it 
requires less to bring Happy to a given level of utility than Grumpy is a statement 
that requires comparisons of satisfaction levels across individuals. This is a 
radical departure from the ordinalist notions that are used throughout this book. 
As soon as welfare comparisons are made, it becomes necessary to think of the 
cardinal measures of utility as having some meaning. 

The second issue is should society attempt to equalize happiness across indi- 
viduals? If so; should it do this for total utility or for marginal utility? That is, 
if we believe that all individuals should achieve the same level of happiness, then 
at the extreme, the welfare curves in Figure 17.2.4 would be L-shaped lines with 
the kink right on the 45 degree line as shown in Figure 17.2.5. Additional utility 
to A does not contribute to social welfare in the absence of an equal augmentation 
of B’s utility. Of course, since B is hard to please, this will require that much 
more fish and cabbage go to B than to A. Some might believe that this is a waste 
of society's resources. 

Another notion of egalitarianism holds that marginal utilities per unit of 
expenditure should be equated. That is, society should always give the in- 
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Figure 17.2.5 Equalization of Total Utility 


U, 


cremental dollar to the individual who derives the most pleasure from it. If all one 
cared about was total utility of a society, this rule would maximize it.’ 

Of course, this would cause almost all resources to go to A. He appreciates 
everything and B appreciates nothing, Under those circumstances, the welfare 
indifference curves would be straight lines with slopes of — 1 as in Figure 17.2.6. 
Since it is cheaper to provide utility to A than B, we are likely to end up at a 
corner, giving all of society’s wealth to A. 

Recently, these ideas have been extended to deal with human emotions such 
as love, hate, and altruism. This has been pushed the furthest in considering 
behavior within a family unit. ® * 

For example, suppose that A is the father and B is the son. Suppose further 
that A is the decision maker who controls the family’s resources. A father who 
loved his son as much as himself would have indifference curves that were 
symmetric around the 45 degree line with a slupe of —1 at that line as shown in 
Figure 17.2.7. At any point on the 45 degree line, the father is indifferent be- 
tween giving an additional unit of utility to himself or to his son. The social 
welfare indifference curves would, in this case, be the father’s indifference 
curves. This approach has been used to explain behavior within a family and to 
attempt to better define the distribution of welfare within a household unit. 


*Recall that C = Ca + Cy and F = Fy + Fa. All resources are allocated either to A or B. 
Maximization of total %tility requires setting C,, Fa so as to maximize W = Ua + Us. (Once C, is 
chosen, Cy is determined, and similarly for F, and Fs.) The first-order conditions are 


aW _ aU, | BUs aCe 

8C, Ca ACR AC, 
and 

aW _ Ws, Un, aFy 

OF, OF, Fy ôF, 


"See G.S. Becker, “The Theory of Social Interactions,” Journal of Political Economy 82 
(November/December 1974), pp. 1063-94; and E. P. Lazear and R. Michael, The Allocation of 
Income within the Household (Chicago: University of Chicago Press, forthcoming), Chapter 3. 
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Figure 17.2.6 Maximization of Sum of Utilities Figure 17.2.7 Household Utility 
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Constrained Bliss and Efficiency 
17.2.9 


This section begins with a digression to recount the meaning of Pareto optimality 
or efficiency. 


Pareto Optimal Organization: Any organization (point) is said to be Pareto 
optimal or Pareto efficient when every reorganization that augments the utility 
of one individual necessarily reduces the utility of another. 


Some examples should make this definition clear. 

The contract curve for exchange is a Pareto-optimal locus. In deriving the 
locus in Chapter 16, Figure 16.2.3, the following argument was made. 

Suppose the original distribution of the initial commodity endowment placed 
A and B at point D (not on the contract curve). At this point, A is willing to trade 
a relatively large amount of Y for a unit of X, and B is willing to trade a relatively 
large amount of X for a unit of Y. Both parties generally benefit from exchange; 
in the limit, B receives all the benefit, but A is no worse off. if trading moves 
the distribution to P}. Similarly, A receives all the benefit, but B does not suffer, 
if the move is from D to P;. At any point on CC’ between P, and P;, both parties 
benefit from exchange. 

Clearly the point D is not Pareto optimal or efficient. A reorganization from 
D can benefit both traders (can augment the value of both utility variables). But 
all points on the contract curve are Pareto optimal. For example, a reorganization 
from P; to P; benefits A; but it simultaneously places B on a lower indifference 
curve. 

The very same line of reasoning shows that the contract curve for production 
is a Pareto-optimal locus. If the allocation of inputs initially leads to a point not 
on the curve, the output of one or both goods can be increased, and the output 
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of neither reduced, by moving to a point on the curve. But once on the curve, a 
Teorganization that increases the output of one good must cause a reduction in the 
output of another. For example, in Figure 17.2.1, a reorganization from $” to Q" 
increases the output of fish but reduces cabbage production. 

This, then, is the cone pt of Pareto optimality or efficiency: an organization 
such that a change that “helps” one must “hurt” another. As we have repeatedly 
Seen, an infinite number of Pareto-optimal points (or organizations) are associ- 
ated with each probiem. One example is the utility-possibility frontier VV’ in 
Figure 17.2.4. An infinite number of points such as R and Q are on this curve. 
A reorganization from, say, R to Q definitely benefits A because Uy is greater; 
but B suffers a loss because Us declines. Thus each point on.VV" is Pareto 
efficient and the entire curve is a Pareto-optimal locus. 

Let us now examine a unique characteristic of the “constrained bliss” point Q 
in Figure 17.2.4. It is the only point of the infinitely many on the utility- 
possibility frontier that has unequivocal prescriptive significance. It is not only 
Pareto optimal, it is uniquely associated with maximum social welfare. Pareto 
optimality or efficiency is a necessary, but not sufficient, condition for a welfare 
maximum. The marginal conditions developed in section 17.1 only give the 
Pareto-efficiency requirements; alone they do not guarantee a welfare maximum. 
For this an explicit welfare function is required. 

Furthermore, once a social welfare function is defined, the limited importance 
of “efficiency” becomes clear. The point of “constrained bliss” is Pareto optimal. 
But compare points R and R’. The former is Pareto efficient inasmuch as it lies 
on VV". Yet a reorganization from R to R’, a point that is Pareto inefficient, is 
clearly desirable because a higher level of social welfare is attained, Of course, 
Starting from an “inefficient” point such as R’, one or more points on VV" (such 
as R” and Q) are socially preferable. But with the single exception of the 
“constrained-bliss” point Q, for any efficient point on VV’. one or more ineffi- 
cient points are socially more desirable. 


— Outputs, Distribution, and Welfare 


Using assumptions 1—4 in subsection 17.2.4, a unique constrained-bliss point has 
been determined by means of Figures 17.2.1-17.2.4. The process may now be 
reversed to find the optimizing values of the 10 variables listed in sub- 
section 17.2.a: the inputs of labor and capital into the production of fish and 
cabbage (Lr, Le, Kr, Kc); the total outputs of fish (F ) and cabbage (C); and the 
distribution of fish and cabbage to A and B (Fa, Fa, Cas Ca). 

The constrained-bliss point Q in Figure 17.2.4 is a unique point on VV’. As 
shown in subsection 17.2,e, each point in VV’ is associated with a unique point 
on the production-possibility frontier because the marginal conditions for product 
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Output of fish 


substitution must be satisfied. Let the point on the production-possibility frontier 
corresponding to the constrained-bliss point O be Q’ in Figure 17.2.8, where TT’ 
is the transformation curve. Locating the point Q’ immediately determines two 
variables: the general equilibrium and maximum welfare outputs of fish and 
cabbage of OF and OC, respectively. 

Next, return to Figure 17.2.1. The total outputs of OF and OC associated with 
Q” can be produced efficiently in only one way, by producing at the point on the 
contract curve EE' corresponding to Q’ on TT". Let this point be $”. The 
organization of production is determined by this point, as are the values of four 
more variables. The input of capital into fish production (Kp) is OK; labor i input 
(Lr) i is OL. Thus the input of Capital it into cabbage production (Kc) is OK — 
OK;., and labor input (Le) is OL — OL;. 

The final four variables are determined by constructing the Edgeworth ex- 
change diagram wiose dimensions represent the optimizing values of fish and 
cabbage output. Dropping perpendiculars from Q’ in Figure 17.2.8, the box is 

_ given by OCQ 'F. The contract curve relative to Q ', labeled GoG4, is constructed 
in the usual way. Finally, imposing the condition that the marginal rate of 
transformation (given by the slope of P-P-) must equal the common marginal rate 
of substitution (given by the slope of P/P¢), one determines the unique point Q" 
associated with Q'. Thus A gets OF x units of fish and OC, units of cabbage. B 
gets the rest: OF — OF, units of fish and OC — OC, units of cabbage. 

In summary, a unique general equilibrium has been attained and this equi- 
librium point is uniquely associated with the maximum social welfare attainable 
by the society from the given resource base. 
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From Constrained Bliss to Prices, Wages, and Rent 
17.2.1 : 


Subsection 17.1.b contained an informal suggestion of the way the price system 
under perfect competition leads to the point of maximum social welfare. Our final 
step is to determine these prices for the two inputs and the two outputs," denoted 
as pr (price of fish), pc (price of cabbage), w (wage rate), and r (capital rent). 

Let us first concentrate our attention on wages and rent (see Figure 17.2.1). 
To attain the least-cost combination of resources, each producer must employ 
units in such proportions that their marginal rate of technical substitution equals 
the input-price ratio. Furthermore, the optimum conditions of factor substitution 
require equality of the marginal rate of technical substitution among all producers 
using the two inputs in question. This principle establishes the point $” in 
Figure 17.2.1. The common marginal rate of technical substitution is indicated by 
the slope of the dashed line RW. Since this common marginal rate must equal the 
input-price ratio, we know that the rent-wage ratio (r/w) must be indicated by the 
slope of RW. 

Next consider Figure 17.2.8. At the maximizing point Q’, the marginal rate 
of transformation of fish into cabbage is given by the slope of P-Pc. The 
optimum condition for product substitution requires that the marginal rate of 
transformation in production equal the common marginal rate of substitution in 
consumption. This principle determines the point Q” and the. marginal rate of 
substitution given by the slope of the dashed line P} P4. Finally, the optimum 
condition for exchange requires equality between the common marginal rate of 
Substitution of fish for cabbage and the fish-cabbage price ratio, Hence Pr/Dc is 
given by the slope of P;P¢ (which equals the slope of Pp Pc). 


" The social welfare maximum has been called the point of constrained bliss because constraints 
are imposed by input limitations and the production function. Let K = E and L = L represent the 
input endowments; and K + Kc = K and Ly + Le = L, Further, suppose the production functions 
for fish and cabbage are F = F(Ky.Lr) and C = C(Ke, Le), respectively. Finally, let the social 
welfare function be given by W = W(U,, Us), where Ua = UA(Fa, Ca) and Un = Up(Fa, Ce), and 
where F, + Fa = F andC, + Ca = C. The constrained maximization problem is represented by the 
following equations: maximize W = W(U,, Us), subject toK ~ K = 0,L — L = 0, F(K;,Lr) — 
F =0,and C(Ke, Le) - C = 0. 

The corresponding Lagrange expression may be written 


A = W(Us,Up) =~ r(K — R) — w(t = L) ~ pelF(Ky Ly) — F] 
= plC({Ke,Le) - C], 


where r, w, pe, and pe are Lagrange multipliers. As already indicated, these multipliers are actually 
Prices, so that the solution to the Lagrange problem gives (scale) solutions for the prices of fish and 
cabbage (pr and pc), the wage rate (w), and the rental on capital (r), The solution prices are the 
maximizing ones, whether the economic system is a free enterprise system with perfect competition 
or a decentralized socialist economy following the Lange-Lemer rule. Smith's “invisible hand” is the 
market mechanism that, if perfectly competitive, happens to establish w, r, pr, and Pc. A computer 
(conceptually) can solve the Lagrange problem to obtain the “shadow prices” w, r, pr, and pe. 


"Recall that from the theory of the household (Chapter 3, subsection 3.2.b), consumers will 
equate the ratio of marginal utilities to prices in a competitive market. This means 
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Graphical analysis enables us to determine the optimizing input- and output- 
price ratios ; absolute values, however, are so far unknown. Given the production 
functions and input allocation, one principle enables us to relate input prices to 
output prices: each profit-maximizing entrepreneur must employ units of each 
resource until the point is reached at which the value of its marginal produce 
equals its (input) price. Denoting the marginal product of input i in producing 
output j by MP;, we have 


r = ppMPxp = peMPxc , (17.2.1) 
and 
w = peMPi = pceMPic . (17.2.2) 
Now let us take stock. Denote the marginal rate of technical substitution by 
MRTS and the marginal rate of substitution by MRS. Equality of the marginal rate 
of technical substitution and the input-price ratio may be represented by 
r = w(MRTS) , (17.2.3) 


Similarly, equality between the marginal rate of substitution and the output-price 
ratio implies 


Pr = pc(MRS) . (17.2.4) 
Substitute expression (17.2.4) in, say, the first part of expression (17.2.2), 
obtaining 

w = pc(MRS) (MP) . (17.2.5) 
Next, substituting expression (17.2.5) into (17.2.3) yields 

r = pc(MRS) (MP,;) (MRTS) . (17.2.6) 


All terms in parentheses in equation (17.2.6) represent known values — values 
determined by the welfare-maximizing equilibrium solution. Hence r can be 
determined once pc is known. If r is known, equation (17.2.3) can be solved for 
w. Finally, equation (17.2.4) will give the optimum value of pr if pc is known." 
But there is no equation to determine pc. Prices, wages, and rents are not unique 
(although the general equilibrium is). They are determined only as to scale or 
ratio. One of the prices must be designated as the numéraire of the system; then 
all other prices will be known. For example, one might specify that the price of 
one unit of cabbage is unity, pc = 1. Then values of r, w, and pr , corresponding 
to pc = 1, can be found. The reason the price side of the system is determinate 
only as to scale lies in the fact that our discussion has involved only real 


(nonmonetary) variables. 


Accordingly, when the economy is competitive, prices establish the indicated equality between 
the marginal rate of transformation in production and the common marginal rate of substitution 
in production, 


"The entire manipulation can be turned around to express r, w, and pc as a function of pr. 
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Recall that the point of constrained bliss was Pareto optimal and maximized 
social welfare. It implied a set of prices, and consequently a set of endowments 
of factors of production that would allow A and B to trade to reach the point of 
constrained bliss. But it is not necessary that endowments of factors of production 
be consistent with constrained bliss to achieve Pareto optimality. Suppose that 
labor and capital were endowed exogenously in some arbitrary fashion. Fish and 
cabbage producers, and A and B as workers, owners of capital, and consumers, 
would trade to a point that was on the VV" curve in Figure 17.2.4, But that point 
would only by the greatest coincidence be point Q. However, there is always a 
way to redistribute the initial endowments of factors of production to induce the 
economy to end up at Q. That is what has led some economists to argue for 
redistribution of property rather than arbitrary price controls to achieve social 
goals. The next section illustrates the difference by examination of minimum 
wage laws. 


we Wages and Pareto Efficiency: A Digression“ 


The usefulness of the models in Chapters 16 and 17 lies in their power as 
analytical devices. To illustrate, in a simple case, how such analyses proceed, we 
consider the welfare effects of a minimum wage law. 

In section 16.4 we developed a simple two-input, two-good general equi- 
librium model with fixed production coefficients. Suppose demand conditions in 
the economy are such that the equilibrium occurs at an output of Q such that the 
relative price of Q; is pi = 1/Sx = ax,/ ax,. In other words, the demand curve 
intersects the supply curve in the range 1/S,A of Figure 16.4.3. Given the 
assumptions of section 16.4, we know that over this range of output, labor is 
redundant and the wage rate is zero. The rental rate on capital is r = 1 /ax,. 

Now suppose a minimum wage law is enacted that sets the minimum wage rate 
atw > 0. The zero-profit equations (16.4.8) and (16.4.9) are then two equations 
in two unknowns, p, and r, and can be solved for these values. That is: 


Pi = way, + rax, 
1 = war, + raç, 


can be solved for r and p; in terms of w. The solution is 


i epee 
a ax, 
Pape K 
Di = 24 y (a ana 
ax, 


"We are indebted to Professor Roy J. Ruffin for suggesting this application. 
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In section 16.4, it was assumed that ar, =ar, ax,/ax, > 0; hence the relative 
price p, is increased by the introduction of the minimum wage and the rental rate 
is reduced. This means the demand for good 1 is lower at the new equilibrium 
price p, than it was before the minimum wage was introduced." Moreover, since 
good 1 is assumed to be relatively labor-intensive, this reduction in demand for 
good. 1 reduces the employment-of labor. 

Does the new equilibrium meet the conditions of Pareto optimality? The 
answer is clearly no. We note that consumers are faced with a relative price of 
pı that is equal to ax,/ax, + w(a,, — a,,ax,/ax,). However, since the new 
equilibrium is still in the segment EA of the production-possibility frontier shown 
in Figure 16.4.1, the marginal rate of transformation is unchanged by the mini- 
mum wage law. Thus, after the minimum wage is introduced, the marginal rate 
of substitution is no longer equal to the marginal rate of transformation and one 
of the conditions for Pareto optimality is violated." 

Minimum wage legislation is ostensibly intended to benefit low-wage, low- 
income individuals. Some individuals no doubt do benefit from minimum wage 
legislation, but only at the cost of Pareto inefficiency in the economy. For this 
reason, many economists oppose minimum wage laws and would prefer to solve 
poverty problems by direct income transfers. Such direct transfers achieve the 
goal of reducing hardship, but do not violate conditions of Pareto optimality. An 
income transfer is very likely to cause a shift in the point of general equilibrium, 
but so long as prices are permitted to adjust, the new equilibrium will be another 
Pareto-efficient point. 

It should be emphasized, however, that it is extremely difficult (some say 
impossible) to devise income distribution policies that do not involve some loss 
of Pareto efficiency or some “deadweight” costs. For example, an income redis- 
tribution policy financed through a sales tax will drive a wedge between the price 
paid for the taxed commodity (including the tax) and the marginal cost of the 
commodity. Because of the tax, there will be a difference between the marginal 
rate of substitution in consumption and the marginal rate of transformation and, 
hence, a violation of the condition of Pareto optimality. Similar losses of Pareto 
efficiency arise from wage or income taxes, which lead individuals to substitute 
leisure for income even though the marginal value of the forgone output exceeds 
the marginal value of the additional leisure. These considerations are at the heart 
of the difficult policy choice between “equity” and “efficiency” that appears to 
occupy much of the attention of political leaders. 


"Strictly speaking, we must also account for possible shifts in the demand curve that arise from 
income changes after the minimum wage is introduced. In other words, there may be distributive 
effects of a minimum wage. Given reasonable assumptions about the utility functions of consumers, 
it can be shown that the minimum -wage does indeed reduce the equilibrium demand for good 1 in 
our example when these distributive effects are taken into account. 

**In terms of Figure 17.2.8, the effect of the minimum wage law is to cause the slope of P/P¢ to 
differ from the slope of PPc. 
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EXTERNAL ECONOMIES AND WELFARE ECONOMICS: A FINAL WORD ON FREE 
real ee? 


The perfectly competitive prices (or the Lange-Lerner Lagrange multipliers) may 
not be the right ones; or at the set of prices that would properly ration the 
constrained-bliss outputs, profit-maximizing entrepreneurs will not in fact pro- 
duce the bliss configuration. If this happens, maximum welfare is not achieved, 
despite the existence of perfect competition in all markets. 

To explain this market failure a third approach to welfare maximization is 
necessary. 


ae Benefits and Costs 
.3.a 


In several instances it has been stated that demand represents the marginal social 
~ valuation or the marginal social benefit derived from an additional unit of the 
commodity in question. The demand for each commodity, in other words, shows 
the price or marginal resource cost consumers are willing to pay for an additional 
unit. In perfect competition price equals marginal cost; it is hoped that marginal 
cost is the marginal resource cost society must incur to have an additional unit 
produced. Thus by the customary “marginal” argument social welfare is a maxi- 
mum when marginal social cost equals marginal social benefit, or when the 
resource sacrifice that consumers are willing to make exactly equals the resource 
sacrifice that society must make to secure an additional unit of output. 

In certain cases, however, the marginal cost that governs the behavior of 
profit-maximizing entrepreneurs is not the same as the marginal cost to society 
as a whole. With obvious definitions, marginal private cost does not equal 
marginal social cost. In perfect competition, profit maximization implies that 
price equals marginal private cost. Maximum social welfare is only attained, 
however, if marginal private cost also equals marginal social cost, for it is only 
then that marginal social benefit and marginal social cost are equal. 


External Economies: An external economy (diseconomy) is said to exist 
when marginal social cost is less than (is greater than) marginal social benefit. 


In this terminology perfect competition does not lead to maximum social 
welfare if external economies or diseconomies are present. 


Pnership Externalities” 


There are three sources of external economies and diseconomies, or three reasons 
for a divergence between marginal social cost and marginal social benefit. The 


"Much of the remainder of this chapter is based upon Francis M. Bator, “The Anatomy of Market 
Failure,” Quarterly Journal of Economics 72 (1958), pp. 351-79. 


550 A Part Five Theory of General Equilibrium and Economic Welfare 


first is called “ownership externality.” An explanation of this source of di- 
vergence may make the notion of “externality” somewhat clearer. 

The classic example of an external disecondmy involves the poor widow who 
supports herself by hand laundry and the factory next door whose smoke blackens 
the laundry. A’more recent and relevant example is smog. The private cost of 
smoke disposal is the cost incurred in building smokestacks, automobile ex- 
hausts, and the like; and the marginal private cost to which price is equated is 
virtually zero. However the social cost is definitely positive when smoke disposal 
by many factories and automobiles causes smog. Marginal social cost exceeds 
(the zero) marginal private cost and hence price; social welfare is not maximized. 

The externality concept should become even clearer from the following 
example of an external economy (due to Meade). A beekeeper and an apple 
grower are situated side by side. The production of apples, we may assume, 
requires only labor; thus the apple production function may be written A = A(L). 
Now in the course of growing, apple blossoms first appear on the trees; the apples 
come later. The bees feed on the essential apple nectar from the blossoms and . 
subsequently produce honey. The labor of the beekeeper is naturally involved; but 
so is the availability of apple blossoms and, accordingly, the level of apple 
production. As a consequence, the honey production function is H = H(L, A)." 

The marginal private cost of increased apple production depends only on the 
(perfectly competitive) wage rate. If one additional unit of labor can produce one 
additional unit of apples, the marginal private cost of apples is the wage rate. But 
producing an additional unit of apples entails more apple blossoms and apple 
nectar; more bees can be fed and more honey produced. The marginal social cost 
of apples equals marginal private cost minus the value of the increment in honey 
production; the perfectly competitive output of apples is not as great as it “should” 
be for welfare maximization. $ 

Where is the difficulty? Apple blossoms clearly enter into honey production; 
they have a positive marginal product and should, therefore, have a positive 
market price. But the grower cannot protect the equity in apple nectar; this scarce 
factor of production is divorced from effective ownership. Apple nectar has a 
zero market price; even a perfectly competitive market fails to impute the correct 
value to apple nectar. Profit-maximizing decisions therefore fail properly to 
allocate resources at the’margin because scarcity is divorced from ownership. In 
this situation market failure is attributable to an ownership externality. 

In a seminal article in 1960, Professor Ronald Coase pointed out that in many 
cases the assignment of property rights can lead private individuals to account for 
ownership externalities in their decisions.” Coase’s analysis can be illustrated by 
a simple example. Suppose that a farmer, who grows tomatoes, and a rancher, 
who raises cattle, are situated right next to one another. The problem is that cows 
trample tomatoes, producing an external diseconomy. Now, one might think that 
if the law sided with the rancher and said that ranchers need not compensate 


“We abstract from the bee service of cross-pollenization. 
Ronald Coase, “The Problem of Social Cost,” Journal of Law and Economics 3 (October 1960), 
pp. 1-44. 
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farmers for trampled tomatoes, there would be too many cows and not enough 
tomatoes. Not so, says Coase. It does not matter who has the property rights, just 
so long as those rights are well defined. : 

For example, suppose that an additional cow is worth $100 to the rancher, but 
that it will trample $90 worth of tomatoes. If the rancher is not required to 
compensate the farmer, then the cow will be brought onto the ranch and it should 
be: $100 of value exceeds $90 of loss, so society is better off with the cow than 
with the tomatoes. Suppose the law said that the rancher had to pay the farmer 
for damaged tomatoes. The rancher would gain $100, but be forced to pay the 
farmer $90. Still, the rancher prefers this to not raising the additional cow so 
‘again, the cow. is brought onto the ranch. The court’s ruling does not affect the 
allocation between cows and tomatoes. 

Tum the story around. Suppose that the cow is worth $90 and the tomatoes are 
worth $100. If the rancher is forced to pay, he clearly will not do so and he should 
not: From society’s point of view, the $90 value of the cow is less than the $100 
loss in damaged tomatoes: Now Suppose that the rancher need not compensate the 
farmer. The cow will still not be brought onto the land! The reason is that the 
farmer would offer the rancher $91 to keep the cow off the land since 
$91 < $100. The rancher would accept because $91 > $90. So the cow is not 
raised, independent of the status of the law. 

~ A crucial assumption in this analysis is that bargaining costs are zero. If the 
farmer had to hire an attorney to present the “bribe” to the rancher, the cost might 
outweigh any benefit in saved tomatoes. Under those circumstances, whether the 
rancher had to pay or not could make all the difference. 

A second crucial assumption is that the original locations are fixed. If the 
rancher knew before he located his ranch that he would have to compensate 
the farmer for damages, he might locate elsewhere to avoid such charges. If the 
farmer were required to bribe the rancher, the rancher might locate next to 
the farmer simply to collect the bribes. 

A related issue is that of blackmail. The law can change the “threat points” as 
it is called in game-theoretic terms. If the law says that farmers must bribe 
ranchers, then ranchers have incentives to threaten to bring cows onto the land 
even if they have no intention of doing so. This is analogous to hijackers threat- 
ening to blow up a plane, even though it is in no one’s interest, including their 
Own, to carry out the threat. These strategic considerations are ignored by the 
Coase analysis. Still, the point made by Coase is one of the most important ones 
in the analysis of the law and its interaction with economics. 

A closely related means of taking external costs into account in the private 
Sector is through vertical integration. In the earlier example of the honey producer 
and the apple grower, the positive externality can be captured if the honey 
producer buys out the grower and then produces both honey and apples. When 
both the orchard and the bees are owned by the same party, that party is able to 
maintain equity in the apple nectar and is, therefore, willing to increase apple 
production. Obviously, the same would be true if the grower bought out the 
beekeeper. Vertical integration may be a way to reduce bargaining costs, but it 
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would be a mistake to assume that vertical integration 1s a panacea. The problems 
that arise in setting up contracts between grower and beekeeper are not auto- 
matically eliminated when they merge. It still is necessary to set some way to 
compensate the two individuals within the firm. Solving this problem in a way 
consistent with economic efficiency is generally no less difficult than trying to 
coordinate action of a separately owned apple orchard and apiary. 


Price Externalities 
17.3.¢ 


Another class of externalities, sometimes called price externalities, does not pose 
problems for the allocation of resources. These externalities do not have anything 
to do with the technology of production or consumption, but merely relate to the 
fact that prices are interdependent. s 

For example, a blacksmith might have viewed the automobile as a negative 
externality. Its invention definitely reduced the demand for blacksmiths’ services 
and thus caused a fall in their wealth levels. Carrying the logic of the previous 
section over, blacksmiths might have been willing to pay something to prevent_— 
automobiles from being invented. But these externalities are not inefficient. Any 
interaction that works directly through the market is appropriately internalized by 
the resulting set of market prices. Although there may be distributional con- 
sequences of such interactions, they do not result in any deviation from Pareto 
optimality. 


Public Good Externalities 
17.3.d 


Let us return to the two-person, two-good model: A and B consume X and Y, Let 
X be available in amount X. Then X is said to be a public good if both A and B 
can each consume X units of X (rather than having X, + Xp = X). For example, 
one person viewing a pyrotechnic display does not preclude another from.viewing 
it as well; concerts may be attended by more than one person, and, to a point, 
so too may public schools. 

Perfect competition establishes equality between the marginal rate of trans- 
formation of X into Y and A’s and B’s common marginal rate of substitution of 
X for Y. But in the public good case, since A’s consumption of X does not restrict 
B’s, the marginal rate of transformation should equal the sum of the two marginal 
rates of substitution. Perfect competition, and perfectly competitive prices, lead 
to underproduction and underconsumption of public goods. 

It can be shown, however, that a monopolist who can price discriminate will 
produce an efficient amount of the public good. He or she will price each unit of 
the good separately to each individual such that the marginal revenue that he or 
she receives exactly equals the marginal cost of producing one more unit. This 
assumes that the producer knows each individual's demand schedule and that he 
or she can exclude nonpayers from enjoying the public good. (Cable TV is an 
example of a public good where producers can exclude nonpaying customers.) -~ 
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DISTORTIONS AND THE SECOND BEST 
4 


17. 


The analysis of Pareto inefficiencies treats each such distortion in isolation. In 
real-world economies, however, numerous such distortions are often simulta- 
neously present. Political and other institutional considerations may render it 
impossible to eliminate every such distortion. In such a Situation, the usual 
conditions for Pareto efficiency may not apply even for those distortions where 
some policy action is feasible. 

To illustrate, suppose that a firm creates a negative externality in the form of 


institutional facts of life. The analysis of distortions in this kind of “imperfect” 
world framework is known as the economics of the second best.” 


SYNOPSIS 
17.5 
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E The analysis in Chapter 16 established various necessary conditions for 
Pareto optimality, For example, the marginal condition for exchange says 
that, at a Pareto optimum, the marginal rate of Substitution between any 


economy where every consumer, every firm, every industry, and every 
input market is perfectly competitive, it can be shown that these 


$, the price system in an economy of 
perfectly competitive markets leads to a Pareto-optimal equilibrium. These 


IF the cost of eliminating a “distortion” exceeds the 
nation, it is perhaps more accurate fo call it a technologi 
a distortion. 


"R.G, Lipsey and K. Lancaster, “The General Theory of the Second Best,” 
Studies 24 (1956-57), pp. 11-32. 


benefits that would result from its elimi- 
ical constraint or simply a cost, rather than 
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same marginal conditions also apply in a decentralized socialist society 
containing a central planning agency that aims to maximize social welfare. 
The state planning agency would have to replace the price system with an 
explicit calculation of “shadow prices” based on detailed knowledge of 
individual preference patterns and production functions. According to the 
Lange-Lerner rule, the planning authority then publishes this price list and 
instructs all consumers and all plant managers to treat the published prices 
as given and to act as though they were satisfaction or profit maximizers 
operating in perfectly competitive markets. 

™ The price system will not be able to perform the function of establishing 
the marginal conditions for Pareto optimality unless the strict conditions of 
the perfectly competitive model are met. If, for example, external 
diseconomies (for example, pollution) or external economies are present, 
the cost of any activity as reckoned by a private individual will differ from 
the cost to the society as a whole. In such a circumstance, either too much 
or too little of certain goods may be produced, as measured by the 
criterion of Pareto optimality. In some cases, an assignment of property 
rights can lead individuals to take into account these externalities (Coase 
theorem), but not when transactions costs are prohibitively high. The 
effect that one consumer or producer has on another is not inefficient if it 
operates only through the price system without ary technological 
interaction, Public goods are not produced efficiently by a competitive 
industry, but under certain circumstances, a monopolist will produce the 
correct amount of the good. The Pareto-optimal criterion is not always 
applicable. When some. distortions cannot be changed for institutional or 
other reasons, the attainment of maximum (constrained) social welfare will 
generally not involve the usual marginal conditions for Pareto optimality. 
The appropriate necessary conditions in this case come from the economic 
theory of the second best. 


QUESTIONS AND EXERCISES 


1. In 1965 the first hurricane in many years struck New Orleans, causing severe 
property damage. The government, in the form of aid to distressed areas, paid 
property owners for part, and sometimes all, of their losses. What considerations 
would be uppermost in your mind if you ‘were asked to write a lengthy essav on 
the impact of these payments on the allocation of resources and the distribution 
of income? 

2 Excise taxes are said to distort harmfully the allocation of resources in favor of 
untaxed commodities. Why? y 

3 Modern welfare economics frequently makes use of the concept of Pareto 
optimality. Define the concept and explain its role in the theory of welfare 
economics. Demonstrate the application of the above welfare criterion to a typical 
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welfare problem (for example, the distribution of income, resource allocation, 

etc.). Be sure to include in your discussion the problem of evaluating alternative 

positions from which society may choose. ~ 
‘4. If completely free trade implies maximum economic welfare, does it necessarily 

follow that any movement toward free trade would improve welfare? = 
5. Show the conditions that ensure efficient distribution of a given combination of l 

products between two consumers. Would the same conditions ensure maximum 

equity? l 

6. “Resources are misallocated in the television industry since the cost is borne by a 

advertisers rather than by viewers directly.” Discuss. 

7. It is often asserted that a monopolist generally operates inefficiently, that is, at 

some point on the average cost curve other than its minimum point, while 

competitive firms operate at their minimum average cost, and hence operate 
efficiently. Critically analyze this definition of economic efficiency, and if you 
find it unsatisfactory, suggest an alternative, 

How might a community attempt to control a monopoly in the public interest? 

»9. “A society or firm that is capable of imputing appropriate prices to the factors of 
Production has, in those prices, a tool that can be used to provide efficient 
direction to its production activities.” Explain. 

40. Assume that we now have a socially optimal distribution of factors of production 

"among industries. The imposition of an income tax will not affect this 
distribution. True or false, and explain. 

11. “The government’s policies toward agriculture over the last 30 years or so have 
been basically defective because the Policies fail to separate the ‘economic’ 
problem of resource allocation from the ‘ethical’ problem of income distribution,” S 
Discuss, 

12. “Increasing returns to scale make the achievement of Pareto optimality easier for i 
a society,” Discuss. 

13.. Assume that resources are now allocated optimally within a community. How will ' 
the following affect this allocation: (a) the imposition of a progressive income 
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HAPTER 


F, Capital, Interest, and Investment 


A past issue of Consumer Reports magazine raised the question whether 
someone about to purchase a home might gain from financing the purchase of 


-year mortgage, 


alent to that of general equilibrium theory by introducing dated commodities 
and a time-dependent form 


APPLYING THE THEORY 


Notes to Home Buyers— On Financing Future Schlock 


Mortgage interest rates at last have de- 
scended part way out of the stratosphere, 
setting hammers to tap-tapping again in 
housing developments. The long blight on 
home construction is over, and house- 
hunters heading for new subdivisions and 
suburban tracts this spring will find that 
real estate developers are not only building 
houses again but are expanding into the 
appliance and furnishings business in a 
big way. 

Builders now sell 25 or 30 percent of 
all major appliances, according to trade 
sources, doubling their share of those sales 
a decade ago. Only a range top and an 
oven used to come already installed in a 
new house. Now many large national 
construction companies are offering 
` dishwashers, washing machines, dryers, _ 
garbage disposers, refrigerators and, most 
recently, trash compactors. The Census 
Bureau reports that half of all homes built 
in 1969 came equipped with dishwashers, 
10 percent with refrigerators and 2 percent 
with washers and dryers. According to a 
study by Westinghouse Electric Corpora- 
tion, the average new house in 1970 
included 3.1 major appliances and, by 
1980, will include 4.4 major appliances. 

Wall-to-wall carpeting, usually with 
no finished wood flooring beneath it, is 
another standard feature in many tract 
houses. The Federal Housing Adminis- 
tration (FHA), which, together with the 
Veterans Administration, insures the mort- 
gages of one third of new houses, permits 
builders to lay carpet directly over the sub- 
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flooring, as long as the carpet meets FHA 
quality standards. Why require expensive 
hardwood floors, the reasoning goes, when 
almost every homeowner immediately car- 
pets them over. 


Lower Appliance Prices 


Builders claim that appliances and car- 
peting help to sell houses. They also claim 
they can offer those items at much lower 
prices than you would pay for identical 
brands and models in retail stores, and 
there is some truth to that. Homebuilding 
has become a big business with big pur- 
chasing power. Kaufman and Broad, Inc., 
of Los Angeles, built 5,700 one-family 
houses last year and expects to put up 
more than 7,000 this year. The Larwin 
Group, a subsidiary of the giant CNA 
Financial conglomerate, built almost 
8,000 dwelling units in 1971. The National 
Appliance and Radio-TV Dealers Associa- 
tion complains that big builders are able to 
negotiate special deals with manufacturers 
and to sell appliances to homebuyers for 
at least one third below store prices. 

Along with low prices goes the con- 
venience of moving into a fully equipped 
house without having to shop for appli- 
ances and carpets, and, more important, 
without having to put up much extra 
money. This convenience is not unadulter- 
ated. For one thing, while the builder may 
offer a choice of models, he usually sells 
only one manufacturer’s brand, selected 

(continued on page 560) 
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less for its quality, perhaps, than for its 
negotiated wholesale price. The builder’s 
brand may not be the one you would have 
picked. And as CU’s brand Ratings and 
Frequency-of-Repair data often bring out, 
there can be significant differences in esti- 
mated overall quality and maintenance 
costs. Furthermore, builders in general 
have not won good reputations for honor- 
ing their warranties. 


Economics of Financing 


The economics of financing such things 
as washing machines and carpets with a 
mortgage should also be seriously 
weighed. Consider, for instance, that the 
average mortgage on a new house has a 
term of 27 years. Yet the average life of a 
washing machine is said to be 10 years, of 
a dryer 12 years, a dishwasher 10 years, 
and a refrigerator 15 years, including 


` second-hand use, The life expectancy of 


Carpeting is utterly unpredictable but may 
be considerably shorter than that of an 
appliance. This much is plain: A mort- 
gaged appliance or Carpet may have to 
be replaced before it has been anywhere 
near paid for. 

In the simple arithmetic of interest 
Costs, a mortgage appears to be a very . 
expensive way to finance home furnish- 
ings. To illustrate. let’s assume that the 
builder is offering a washing machine, 
clothes dryer, and automatic dishwasher. 
Their total price at an appliance store is 
$675. The builder's price is onè third less, 
$450. Let’s further assume a mortgage of 
average length, 27 years, at the national 
average interest rate (last December) of 73⁄4 
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APPLYING THE THEORY 


percent. Finally, let’s compare the mort- 
gage finance charges with those for the 
same appliances purchased at the store’s 
price and with the store’s two-year, 

15 percent installment contract, Here are 
the figures: 


Cost Cost 
from Store trom Bulider 


Purchase price $675 $ 450 

Finance charge 110 625 
Total $785 $1,075 

————— 


At those terms, the appliances would cost 
$290 more from the builder than from the 
store, 

Let’s take a set of terms more favorable 
to the builder’s case. In some parts of the 
country last winter, mortgage money was 
available at 7 percent. Some stores, mean- 
while, were charging 18 percent interest on 
a two-year appliance contract. The con- 
sumer’s arithmetic would look like this: 


Cost Cost 
from Store from Bullder 


Purchase price $675 
134 


Finance charge 


Total $809 


At those terms, the appliances would cost 
an extra $194 from the builder. 

It can be said in favor of the builder’s 
deal that mortgage payments after a num- 
ber of years will probably be made with 
inflation-cheapened dollars, Unfortunately, 
inflation won’t stem the rapidly depreciat- 
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- ing value of carpets and appliances, even 
though the value of the house may appre- 
ciate handsomely. 


Turnover Rate 


The fact is, houses change hands an 
average of once every seven or eight years, 
and so the average homeowner doesn’t pay 
the full finance charges on his mortgage. 
He sells his house, uses some of the pro- 
ceeds to pay off his mortgage and, more 
than likely, plunks down the rest as down 
payment on another house. His mortgage 
payments over the first eight years of 
ownership consisted mostly of interest. 
Hardly any principle was paid off: that is 
the nature of a long-term mortage. Thus 
the homeowner finds himself still owing . 
the mortgage lender almost the whole pur- 
chase price of any carpets and appliances 
lumped into the mortgage. Now used and 
worn, they are hardly worth the price of 
moving them to his new house. The people 
buying his old house, however, may not 
want used carpets or appliances and cer- 
tainly won't pay for them. 

Moral: It is expensive to buy appli- 
ances, carpets and other home furnishings 
on credit, no matter where you finance 
them. Take advantage of the builder’s low- 
priced furnishings if you wish— but only 
after making sure they are less expensive 
than from a store—and try tomake a 
large enough cash down payment to cover 
their price. 


A Modular Future? 


The selling trend is going very much in 
the direction of lumping all sorts of short- 
lived furnishings into the mortgage. Build- 
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ers at the Houston home show last January 
told Home Furnishings Daily they will in- 
clude in the mortgage package “anything 
and everything.” They mentioned not only 
carpets and appliances but also draperies 
and hardware. 

Two of the biggest developers, Levitt 
& Sons and the Larwin Group, already 
operate furniture stores on some of their 
building sites, although furniture is not yet 
being included in their mortgages. The x 
FHA, for its part, seen.s to be loosening 
rather than tightening restrictions on items 
includable in the mortgages it insures. 

The trend reaches its present zenith with 
mobile homes, many of which come com- 
pletely furnished and financed. The future, 
as predicted by some students of the con- 
struction industry, will be dominated by 
factory-built modules —ready-made rooms 
with furniture, rugs and appliances already 
installed. Turn-key houses, they are called, 
because the buyer has only to turn the key 
and start living in them. And paying for 
them, as the English say, on the never- 
never. 

Let’s carefully consider the “costs” of 
buying the appliances from the builder, 
according to the article. This “cost” is 
equal to the purchase price of the appli- 
ances ($450) plus the interest cost over 
27 years of 7.75 percent of the unpaid 
balance. According to the article this 
comes to an additional $625, for a total 
cost of $1,075. This amount is paid over 
27 years, so that the yearly payment comes 
to $39.81 ($1,075/27) to be paid for 
27 years. (This $39.81 payment is not 
explicitly mentioned in the article, but is 
the direct implication of the analysis.) 
(continued on page 562) 
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Let's further assume that if you buy the 
appliances from a “store,” you pay nothing 
for two years, but then pay the purchase 
price of $675 plus a finance chatge of 
15 percent. According to the article, the 
total cost would come to $785 ($675 pur- 
chase price + $110 finance charge) which 
is due at the end of the two years. 

The authors of the article then point out 
that although the purchase price is higher 
from the store, the total cost (including the 
interest payments) is less, and therefore, 
you should buy appliances from the store, 
not the builder. 


Questions 


1. What is wrong with this analysis? 

2. How would you compare the true 
“cost” of buying the appliances from 
the store versus from the builder? 
(Show how you would set up the cor- 
rect calculations that would need to be 
carried out.) 


3. How does this example relate to the 


material presented in Chapter 18? 


4. The article also makes a point of 


Stressing the fact that most appliances 
don’t last 27 years. Does this affect 
your analysis? 


APPLYING THE THEORY 


5. Similarly, the article emphasizes that 


the average turnover of a house is be- 
tween 7 or 8 years. Does this alter 
your conclusion as to which offer 

is better? 


Solutions 


l. 


Payments made in different years (or 
endowments received in different 
years) cannot simply be added up. As 
the material in Chapter 18 stresses, the 
timing of consumption (or payment) is 
a key characteristic of any commodity. 
The correct comparison between two 
payment streams can only be made if 
both streams are converted to their 
present value. The article never makes 
this conversion, but implies that a dollar 
paid two years from now is equivalent 
to a dollar paid 27 years from now. 


. The present value of the $39.81 dollars 


paid in the second year equals $39.81/ 
(1 + r), where r is the rate of interest. 
The present value of $39.81 paid in the 
third year is $39.81/(1 + r)?. The 
present value of $39.81 paid in the 
27th year is $39.81/(1 + r)*%. Thus, 
the present value 6f all the payments 
for the appliances purchased from the 
builder equals, 
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$39.81 + $39.81/(1 + r) + 

$39.81 /(1 or) Hee ne ae + 
$39.81/(1 + ry 

(The above assumes, for simplicity, 
that you pay the first-year payment 
immediately, and the second-year 
payment at the start of the second year, 
etc.) If you assumed instead that no 
payment was made until the end of the 
first year, then the first term above 
would be [$39.81/(1 + r)], and the 
last term would be [$39.81/(1. + r)’]. 
The present value of $785 paid in the 
second year would equal $785/ 

(1 + r), using the previous con- 
ventions. [If no payment was made 
until two full years had passed, the 
present value would be 

$785/(1 + r)*.] 

You will hotice that if r = 7.75 per- 
cent, the present value of the payment 
stream from the builder is actually 
quite a bit less than the present value 
of the payment to the store. In short, 
the consumer should definitely purchase 
the appliances from the builder if the 
market interest rate is 7,75 percent! 
The material in Chapter 18 starts 
(subsection 18.1.a) with the point that 
the timing of consumption is a key 
characteristic of a commodity. “The 


consumption of a banana today is not 
the same as the consumption of a 
banana one year from now.” This ap- 
plies equally to the timing of pay- 
ments. A one-dollar payment today is 
not the same as a one-dollar payment 
one year from now (or 27 years from 
now). Future consumption/payments/ 
endowments must be converted to their 
present values. The analysis above just 
extends equation 18.1.16 to payments 
made further into the future than one 
year (next period). 


4,5 The fact that the appliances won't last 


27 years or that you might sell your 
house (and appliances) before they are 
completely worn out has no bearing on 
the question of which alternative pay- 
ment stream is cheaper. As long as the 
appliances purchased from the store are 
the same as the appliances purchased 
from the builder, the above analysis is 
the correct way to compare alternative 
payment schemes. 


*Excerpts from this article were cited in J. 
Hirshleifer, Price Theory and Applications, 2nd ed., 
(Englewood Cliffs, N.J.: Prentice-Hall 1980). 


Source: Consumer Reports, April 1972. 
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The theory of capital, interest, and investment has been one of the most fascinat- 
ing and controversial topics in the history of economic thought.' Aristotle in his 
Politics looked upon interest as a social evil and for a period of 1500 years the 
clergy and, to a large extent, government leaders and legislators adamantly 
opposed the payment of interest on loans. In-1311 Pope Clement V at the Council 
of Vienna went so far as to threaten with excommunication those secular magis- 
trates who passed laws allowing the payment of interest. Among the first to 
disagree with this widespread view were the theologian Calvin and the French 
jurist Dumoulin (Carolus Molinaeus) (1546). Despite such disagreements, the 
“theory” of interest was for many years primarily a topic of religious and philo- 
sophical concern. 

According to Böhm-Bawerk, Turgot provided the first attempt to develop a 
scientific explanation of interest in his work Reflexion sur la Formation et 
Distribution des Richesses (1776). It was more than another 100 years, however, 
before the theory of interest, investment, and capital was fully integrated into the 
general framework of neoclassical price theory. The key contributors to this 
development were Eugen von Böhm-Bawerk in his book The Positive Theory of 
Capital (1891), John Rae, The Sociological Theory of Capital (1905) and, most 
importantly, Irving Fisher, whose influential treatise The Theory of Interest 
(1930) forms the basis for much of the material in this chapter. 

Karl Marx (Das Kapital [1894]) thought of interest as the return that capital 
received as a result of its exploitation of labor. Now it is recognized that interest 
is a way to express the price of future goods in terms of present consumption. 
Still, Soviet economists generally deny the existence of interest in the Soviet 
Union, where its recognition would have serious political overtones. 

This chapter abstracts from political and theological ramifications of interest. 
It treats the topic at its purest level, recognizing interest as one of many kinds of 
prices in a complex economy. 


aoe Time-Preference Model 


A key concept in the modern theory of interest is the notion that individuals 
regard timing of consumption as one of the characteristics of a commodity 
bundle. Hence, for the typical individual, the consumption of a banana today is 
not the same as the consumption of a banana one year from now. Children often 


‘For a detailed history of the theory of interest, upon which parts of this introduction are based, 
see Eugen von Böhm-Bawerk, Capital and Interest, trans. William Smart (London: Macmillan & 
Co., 1890; reprint'ed., New York: Augustus M. Kelley, 1970). 


*John Rae's book originally appeared in 1834 under thé ponderous title Statement of Some New 
Principles on the Subject of Political Economy, Exposing the Fallacies of the System of Free Trade, 
and Some Other Doctrines Maintained in “The Wealth of Nations.” The authors are indebted to 
Professor Don Patinkin for pointing out the existence of this earlier edition of Rae's work. 
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display an extreme form of “time preference.” Telling a child that he can have 
10 ice-cream cones three years from now if he will only part with the one that he 
currently holds is unlikely to persuade him to diet now. 

This concept may be expressed formally by explicitly dating the commodities 
that enter the individual’s utility function. To illustrate, suppose there is one good 
(say apples) and only two periods (today and next week). Apples consumed today 
are denoted Co and apples consumed next week are denoted C,. The utility 
function of a typical individual is written 


U(Co,C)) . (18.1.1) 


The indifference map of this utility function has the usual properties; that is, 
the indifference curves are convex, downward sloping, and do not intersect. We 
also suppose that (1) each individual has an endowment of apples in each period 
(Eo, E;) but these endowments are not necessarily the same for all individuals and 
(2) each individual faces a market price, p, which represents the number of 
apples that must be paid this period in return for one apple next period, 

By selling all Æ, claims to next period’s apples, the individual can have Ey + pE, 
apples for consumption for this period. On the other hand, by selling all of this 
period’s apples (Eo), the individual can have Æ; + E,/p apples for consumption 
next period, Any intermediate point between these extremes can also be achieved. 

Just as before, the fact that an individual was endowed with less of X and more 
of Y than he wanted to consume did not prevent the consumption of X. Similarly, 
an individual who wants to consume more today can do so by trading with an 
individual who has some apples today in return for apples next period. Of course, 
total consumption cannot exceed this period's endowment of apples, but the 
identity of the consumer can be altered by trade. _ 

We refer to the quantity Eo + pE, as the present value of the endowment 
stream, or wealth. It represents the maximum current-period consumption avail- 
able to the individual, given (Eo, £,) and p. For individuals, consumption in each 
period need not equal endowment in that period. By trading apples for future 
apples (or vice versa) the individual can have a pattern of consumption that differs 
from the endowment pattern. If we denote current consumption by Co and future 
consumption by C,, the “wealth” constraint has the form 


Cy + pC, £ Ey + pE. (18.1.2) 


(The reader will notice the similarity of this model to the time-preference example 


in section 4.7. Later we shall discuss the relationship of p and the interest rate.) 

The individual chooses Co and C, to maximize utility (18.1.1) subject to the 
constraint (18.1.2). We assume here that the utility function has positive first 
partial derivatives (more is better), so (18.1.2) will hold as an equality, The 
right-hand side of (18.1.2), which, as noted, is called wealth, or present value, 
will be denoted by V. Thus, the individual chooses Cy and C; to solve 


max U(Co,C,), (18.1.3) 
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subject to: 
Co + pC; =V, 
where: 
V = Ey + pE;: 


For a given value of p, this is a straightforward maximization problem of the kind 
dealt with in Chapter 3. 

Our primary concern here is how P, the price of future consumption claims, 
is determined. The answer involves general equilibrium analysis of the type used 
in Chapter 16. Suppose there are N individuals in the economy. Given any 
specific value for p, each of these individuals will solve a problem like (18.1.3) 
to determine Cy and C,. For individual i, we designate the solution to this 
problem as 


Colp), Cale) i =1,....N, (18.1.4) 


where the dependence of the solution on p is noted explicitly. First consider 
current-period consumption choices. We see that individual i will have a current- 
period excess demand of 


Colp) — Eo. (18.1.5) 


Notice that the individual’s excess demand can be positive, zero, or negative. A 
negative excess demand means that the individual has more apples this period 
than he or she wishes to consume this period and is thus a net supplier of current- 
period apples. 

In a competitive general equilibrium, the equilibrium value of p is determined 
so as to have an aggregate excess demand of zero for the economy as a whole,’ 
Thus, the equilibrium value of p (denoted p°) is such that the sum of the excess 
demands is zero.‘ In other words, p° satisfies 


N 
È [Co(e*) — Eo] = 0. (18.1.6) 
i=l 
This merely says that supply of apples in period & equals demand for apples in 
period zero. There is an equivalent expression for period 1. 
It is important to know if p° also provides an equilibrium in period 1. In this 
Second period, aggregate excess demand is 


N 
ZlCulo?) = EJ. (18.1.7) 


`The situation is similar to that in subsection 16.1.f, where the equilibrium wage is determined such 
that the aggregate excess demand for labor is zero. 
“The existence and uni 


queness of such an equilibrium is a nontrivial mathematical question which we 
do not take up here. 
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The budget constraint from (18.1.3) says that for individual i 
Colp) + p°C,(0*) = Eo + pF 

or > 
Coole") — Eo = —p[Culp’) — Ex]. 

Summing over all Nindividuals, we obtain 


2 [Colo*) = Eol = 0° X [Calo = Eu]. (18.1.8) 


The left side of (18.1.8) is (18.1.6) and is, therefore, equal to zero. It follows that 
when p° is not equal to zero, the summation of the right side of (18.1.8) is zero. 
But this summation is simply (18.1.7), so we see that equilibrium also holds in 
the second period when p = p°. This is another case of Walras’s law, discussed 
in Chapter 16. Thus, the supply-equals-demand conditionfor period | that is 
equivalent to (18.1.7) for period zero need not be introduced explicitly. It holds 
automatically, given (18.1.7) and all individuals’ budget constraints. 


An Example of Equilibrium 
18.1.b 


Consider the case of two individuals (i = 1,2) with identical utility functions 
but with different endowments. Suppose each individual has a utility function of 
the form 


U(Co, Ci) = C&CH, 


where œ and B are positive constants. The Lagrangian for the maximization 
problem (18.1.3) is 


L(Co, Ca, A) = CoC} + AV; — Co — pCi), 


where 
Vi = Eo + pEi. 
For individual i, the first-order conditions for a maximum are 
wch =À, 
BCC = pa, (18.1.9) 
Vi = Co + pCi. 


Eliminating A from the first two of these conditions, we get 


Boop id = 1,20 (18.1.10) 
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From equation (18.1.10) we obtain 
Co _ Ca 
Cy Ca’ 
It is easily checked that if (18.1:10) holds, then 


Cio Con's Cro + Coy (18.1.11) 
Cu Cy Cy 13 Cx 
Aggregate consumption will equal aggregate endowments in each period, so 

Co + Co = Ew + Ex 

and 
Cy + Cy = Ey + En. 

Substituting these conditions in (18.1.11), we find 
Co _ Eo + En 
Cy Ey + Ey 


Substituting from (18.1.12) into (18.1.10), we obtain an explicit equilibrium 
value of p for this simple economy: 


« — B| Ew + Ex 
p= Fen = Eaj, (18.1.13) 


i= 1,2. (18.1.12) 


Notice that æ and £ act like “weights” given to present and future consumption, 
respectively. Thus, intuitively, the ratio B/a is an index of time preference or 
impatience. The lower the value of B/a, the more impatient are the individuals. 
In this example, p° decreases as the individuals become more impatient, Notice 
also that p° increases as current endowments (Eio + Ex) increase relative to 
future endowments (E,, + E>;). 


The Rate of Interest 


1c 


Although it may not be immediately obvious, the relationship of the analysis of 
subsections 18.1.a and 18.1.b to the theory of interest is simply a matter of 
interpretation. When we speak of the simple interest on a money loan, we mean 
the amount that is paid back to the lender in excess of the principal. Thus, if a 
loan of $100 results in a return payment of $105 in one year, we say that the 
interest is $5 and that the annual interest rate is .05, or five percent (= 1). In 
subsections 18.1.a and 18.1.b we saw that by giving up consumption of p apples 
this period the individual gets one more apple next period. For example, suppose 


“It is implicitly assumed that endowments cannot be carried into the future period. In.other words, 
the commodity is perishable. Inventories can be handled in a manner similar to investment, a topic 
we consider in section 18.2. z 
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p = 3/4. Then the individual can get four apples next period by giving up 
three apples today. Thus, he earns one apple “interest” on his principal of 
three apples. The interest rate is thus 33 percent. In general, the interest (denomi- 
nated in apples) is 1 — p and the interest rate is (1 — p)/p. If r denotes the 
interest rate, then we see that 


(18.1.14) 


Expressing (18.1.13) as an interest rate [that is, using the rule r = (1 — p)/p), 
we see that 


a | En + By 
aea era a E 18.1.15 
B BA ( ) 


Thus, the equilibrium interest rate, z“, increases when the current endowments 
decrease, when future endowments increase, or when a increases relative to 8. 
This is plausible because these changes all have the effect of making current 
consumption more attractive than future consumption on the margin. 

It is common to express V in terms of interest rates rather than prices of claims 
on future consumption. Thus, applying (18.1.14) to the definition of V, we obtain 


Vv mm Bh ce (18,1, 16) 


At this point, it is apparent that, at the level of the individual, this analysis of the 
determination of interest rates is equivalent to the discussion of time preference 
in Chapter 4 (section 4.7). Interpreting the theory of interest in terms of the price 
of claims on future goods has advantages, as we shall see in the remainder of this 
chapter. 


INVESTMENT OPPORTUNITIES 
18.2 


Section 18.1 describes an economy with exogenous endowments. In such an 
economy, the interest rate (or equivalently, p) is determined solely by the ex- 
change of claims of future endowments for current endowments. The analysis is 
somewhat limited because individuals have no direct contro! over the amount of 
their future and present endowments. It is much more interesting to assume that 
individuals have a range of choices regarding present and future endowments. For 
example, the owner of a piece of land may be able to use the land for several 
different (but usually. mutually exclusive) economic activities; for example, the 
land could be used for farming, for building houses and apartment buildings, or 
- perhaps for a private recreation area. Associated with each use of the land will 
be a different stream of current and future payments. Thus, if the land is used for 
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farming, it may provide income of, say, $1,000 this year and $1,500 next year, 
whereas if it is used to build houses, it may return $500 this year and $2,000 
next year. 

When land or other assets can be used in different ways, the individual has a 
choice among various income streams. The act of making this choice is usually 
called investment.° In a perfectly certain world of the kind we are now consid- 
ering, the investment decision will be affected primarily by the interest rate. The 
problem is, therefore, similar to that considered in section 18.1 except that, given 
p, the individual first chooses the investment plan that maximizes V (wealth) 
and then chooses current and future consumption by trading claims in the mar- 
ket. Thus, investment differs from pure trade in that investment changes the 
relationship between aggregate consumption in one period and aggregate con- 
sumption in another. Pure trade keeps aggregate consumption constant, even 
though the way it is distributed varied with trade. The distinction, and the 
process of investment, are described and illustrated in the next subsection. 
Subsection 18.2.b deals with the determination of the equilibrium rate of interest 
when investment opportunities exist. 


The Individual's Investment Decision 
18.2.a 


For simplicity, we again consider the “two-period” model of subsection 18.1.a. 
The key difference here is that, instead of having a given endowment of present 
and future goods, each individual faces two or more mutually exclusive endow- 
ment alternatives. Such alternatives will be denoted (Ey, £,) where Ep is the 
current-period endowment of the good and Æ, is the second-(future) period 
endowment. We will call the set of all such endowment alternatives the set of 
investment opportunities. As before, the individual’s ultimate objective is to 
choose Co and C, to maximize a utility function U(Co, C,) subject to a wealth 
constraint like (18.1.3). The critical difference is that the individual now has 
some choice about Ey and E, and, hence, V. Because the utility function is 
increasing in both Cy and C,, the individual always prefers a larger value of V to 
a smaller one. The investment decision thus amounts to choosing that endowment 
alternative (Eo, £,) from the set of investment opportunities which maximizes V, 
given the value of p. 

To give analytical substance to the model, we need a fuller description of the 
investment-opportunity set. It is a common practice in the economics literature 
to draw the two-period investment-opportunity set as a convex, negatively sloped 
line such as ABCD in Figure 18.2.1. If we represent this line as a function 


“This interpretation of the concept of investment is the one used by Irving Fisher in The Theory 
of Interest. Another common interpretation is to regard investment as an addition to the stock of 
capital. Upon reflection it is obvious that the two interpretations amount to the same thing. The 
Fisherian concept is more useful for our current purposes. 
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Figure 18.2.1 Two-period investment-Opportunity Set 


E, = f(Eo) (with df /dEo < O and d?f/dEj < 0), then the individual’s investment 
decision is to choose Ey (and hence E) to maximize V = Ey + pE, = 
Ey + pf(Eo). The first-order condition for this problem is 


dv het 
PAu 1 + pf'(E) = 0 
or 
1 
f'(Eo) = Soi s (18.2.1) 


Geometrically, equation (18.2.1) says that the optimum pair (Eğ, E¥) is such that 
the slope of the investment-opportunity set (that is, f’[Eo]) is equal to —1/p. In 
Figure 18.2.1 the optimum pair is at the point B. The present value, or wealth, 
associated with any point (endowment) in the (Eo, E) space can be found by 
drawing a straight line with slope —1/p through the point. The intercept of this 
line along the Ep axis is the present value of the associated endowment.’ As can 


The straight line with slope —1/p that passes through the point (Eo, £1) has the form 
as) el a 
E, = E, — —(Eo — Ep). 
Pp 
All points on this line have the same present value, since it is possible to achieve each such point by 


appropriate exchanges of Eo and E,. When £, = 0, Eo is equal to this present value. Thus, solving 
the equation for Ey with E; = 0, we see that 


Ey = Ey + pÊ, . 
Thus, the Ep intercept gives the present value of (Eo, Ê) as stated above. 
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be seen from Figure 18.2.1, any point such as C on the investment-opportunity 
line will have a smaller present value than B (for example, V < V’). 

What is also obvious from Figure 18.2.1 is that investment changes the aggre- 
gate endowment of the economy. Suppose, for example, that the economy con- 
sisted of two individuals, each with identical investment opportunities as shown 
by ABCD, If both individuals choose point B, then society would have 2 (Eğ) in 
period zero and 2 (Ef) in period 1 to distribute. Alternatively, if both individuals 
choose point C, society would have 2 (Ej) in period zero and 2 (E?) in period | 
to distribute. The aggregate amounts of consumption depend on the investment 
decision. If no investment possibilities were available and each individual's 
endowment were fixed at E6, E{, then trade could only redistribute; the aggregate 


- amount of consumption would be fixed at E; in period zero and Ef in period |. 


The Determination of Interest in the Presence of 
rt adgale Opportunities 


The theory of investment of the last subsection can be combined with the analysis 
of section 18.1 to determine the equilibrium rate of investment in the economy. 
The discussion following equation (18.1.1) applies when investment opportuni- 
ties exist except that the endowments in the wealth constraint in (18.1.3) will 
depend on the value of p. Thus, the wealth constraint becomes 


Co + pC, = V(p), 


-where 


Vip) = Ey + pE*, 
and where (Ej, E¥) is the solution to the investment problem of subsection 


(18.2.a). Because Ef and E} depend on p, it is more accurate to write the wealth 
variable V as 


V(p) = ES(p) + pE¥(p). 


The conditions for a competitive general equilibrium expressed in equations 
(18.1.6), (18.1.7), and (18.1.8) continue to hold except that Ex and E; are now 
functions of p and are thus written Ejx(p) and EÑ(p). Once p° is known from the 
equilibrium conditions, it is possible to calculate the equilibrium values of 
Ex(p), es Vip) [= ERCP) + PERC), Co(p') and Calp) for all i = 


A Numerical Example 
18.2.c 


To illustrate this model of investment and interest, we consider a very simple 
two-period, two-individual case. Each individual (i = 1, 2) has a utility function 
of the form 


U(Co, Ca) = CCH i = 1,2. 
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Each individual owns a piece of land that can be used in exactly one of two ways. 
Thus, in this example, the investment-opportunity set consists of exactly two 
points, The values of E>, E, for each investment alternative and for each indi- 
vidual are in Table 18.2.1. We see, for example, that by choosing investment 
alternative 1, individual 1 will have an endowment of 100 apples this period and 
125 apples next period. The investment alternatives are not the same for the 
individuals, and they need not choose the same alternative. 

From subsection 18.2.a we know that, given p, individuals choose in- 
vestments so as to maximize the present value of V. For individual 1, we see that 
for p = 2/3 

100 + 125p = 90 + 140p, 


so individual 1 will choose investment 1 for p = 2/3 and investment 2 for p = 
2/3." By similar reasoning, individual 2 prefers investment | for p = 4 and 
investment 2 for p = 4. The results are summarized in Table 18.2.2: Using 
the data from the current-period total column and the next-period column in 
Table 18.2.2, one can calculate the value of the right-hand side of (18.1.13) as 
a function of p. The results, using B/a = .75, are shown in Table 18.2.3. 
We acknowledge the dependence on p of the ratio in the last column of this 
table by denoting it R(p). The equilibrium value of p* in this economy is such that 
ø = R(p‘). In other words p° must be such that the investments made at p° satisfy 
equation (18.1.13). This reflects the equilibrium condition that resources avail- 
able in any period must equal consumption demands in that period. Thus, 
p = R(p*) is, in effect, the condition that supply equals demand in equilibrium. 
We see from Table 18.2.3 that when p = 4, R(p) = .6064, so p° cannot be less 
than $. Similarly for p = 2/3, R(p) = .4722, so p° cannot be greater than 2/3. 
When p = .5294, R(p) also has this value (see the middle row of Table 18.2.3). 
Thus, p° = .5294. Consulting Table 18.2.1 and 18.2.2, we see that for 
p = .5294, individual 1 chooses investment 1 and individual 2 chooses in- 
` vestment 2. Applying the present-value formula V = Ej + pE, we see that for 
individual 1, V = 166.18 and for individual 2, V = 148.82. In the current 
period, individual 1 consumes C = 94.96.° Thus, individual 1 lends 5.04 to 


‘When p = 2/3, the individual is indifferent between investment | and investment 2. Thus, 
Et(p) and Eți(p) will be discontinuous at p = 2/3. When the investment frontier is concave and has 
continuous first derivatives, this discontinuity will not be present. 


From (18.1.10) we know that 
1 
yi am Ea i=1,2. 
p.a 
Substituting this equilibrium value in the wealth constraint we find that 
Co + Cu = cal + £) = ES + pE. 
(continued on page 574) 
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“Table 18.2.1. investment Opportunities for Each Individual 


Individual 1 Individual 2 
Investment This Period Next Period This Period Next Period 
Alternative 0 1 0 1 
1 100 125 90 110 
2 90 140 80 130 


Table 18.2.2 Investment Choices asa Function of p 


Current-Period (0) Next-Period (1) 

Endowments Endowments 
P Evo(p) Exile) Total E(P) E3,(p) Total 
Osps3 100 90 190 125 110 235 
$<p<2/3 100 80 180 125 130 255 
2/3 sp 90 80 170 140 130 270 


es a aaa ee 


Table 18.2.3 The Right-Hand Side of Equation (181.13) as a Function of p 


a (Es +E) 
Eh + e) Rio) 


p Ep + Et Eh + Eh a 
0sps} 190 235 6064 
bsp = 2/3 180 255 5294 
2/3 <p 170 270 4722 


merr e 


individual 2 in the current period. In the current period, individual 2 consumes 
85.04 (80 of endowment plus 5.04 lent by individual 1). In the next period, 
individual 1 consumes 134.52 apples (125 endowment plus 9.52 from individual 
2, representing the return of principal plus interest on the loan). In the next 
period, individual 2 consumes 120.48 (endowment Jess the 9.52 payment to 
individual 1). 


Sie a ee i SI 


(continued from page 573) = 
Thus, in equilibrium, 
a $ a a 
= + = 

Co ae pee pEÑ) PES BY 
and 

Cu =- (Ed + pEi) = p Vi. 

pla + B) pla + p) 
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The equilibrium rate of interest implicit in this example "is easily calculated 
to be i 


p i x 
Exercise: Find p°, E%, Ežo, Et, Eži, Cio, C20, Cin, Cor, and r® when a =1 
and B = .92. : 


The Separability of the Investment 
ana Congumpden Decision 


The reader might have noticed that the optimal investment decisions of the last 
subsection were made without reference to any specific utility functions. In other 
words, we were able to ascertain the optimal investment by knowing only p; we 
did not need to know the individual’s specific utility function. It is easy to see 
why we can so separate the investment and consumption choices. Suppose p is 
given and there are two investments: one with present value 1000 and the other 
with present value 2000. Obviously, any choice of Co, C, that is feasible with 
wealth of 1000 is also feasible with wealth of 2000. Thus, given an optimal 
choice of Cy and C, consistent with 1000 of wealth, it would be possible to have 
this amount of Cy and C, plus more of either or both with a wealth. of 2000. 
Because we assume that utility increases as Cy and C, increase, the larger wealth 
is always preferred. 

Separability of investment and consumption is analogous to separability of 
production and consumption of earlier chapters. It was not necessary to take the 
manager's preferences for consumption into account to determine the amount that 
he would produce. All that was necessary was that he maximize profit. Given 
that, he could trade for the consumption bundle that maximized his utility. 
Maximization of profits ensured that there he received the maximum possible 
utility after trade, The same principle holds here. An entrepreneur who makes his 
investment decision to maximize his wealth will place himself in the best possible 
position for trade. By doing that, he can always achieve the highest possible level 
of utility, consistent with his investment opportunities. 

The separability property is a strong result. It means, for example, that an 
entrepreneur or manager can choose investments for a corporation without know- 
ing the specific utility functions of the shareholders of the corporation. The 
specific pattern of the dividend stream is irrelevant to the stockholders if they can 
lend or borrow at the market interest rate r (or equivalently, p). All that is relevant 
is the present value of the dividend stream. 

The separability property does not hold if there are restrictions on borrowing 
or lending, if the interest rate for borrowing is not the same as the lending rate, 


An interest rate of .89 may seem “high,” but we cannot judge that without specifying how long 
a “period” is. If “next period” is 10 years later than “this period,” the annual rate would be about 6.5 


percent, because (1.065)° ~ 1.89. 
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or if the individual is not a price taker with respect to the interest rate (or 
equivalently, p). In these cases, it will usually be necessary to consider simulta- 
neously the investment and consumption decision. 


INVESTMENT, INTEREST, AND RISK 
18.3 
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In the last section, investments were endowment streams that had no uncertainty 
or risk associated with them. However, many investments do involve some sort 
of risk or uncertainty. Even bonds issued by the federal government, which are 
usually regarded as risk free (that is, the government is almost certain to repay 
the principal plus interest), are subject to the risk of inflation (or deflation), 
because the interest and principal payments are specified in nominal dollars." 
Other forms of debt, such as corporate securities and personal debt, are subject 
to inflation risk and to uncertainty about the amount of payment (corporate 
securities) or defauft risk (such as the case of the Penn Central). 

Interestingly, the formal models used in sections 18.1 and 18.2 can be used to 
deal with risky investments and loans. For that matter, they can be used to analyze 
the economics of insurance contracts, wagers on sporting events, and other 
similar kinds of transactions involving risky outcomes. These situations can be 
handled by introducing the concept of a contingent claim. 

In sections 18.1 and 18.2 we saw that individuals bought and sold claims to 
current and future endowments. Claims on future endowments are, in effect, 
contingent claims where the “contingency” is simply the arrival of the day (or 
time period) when the promised endowment is to be delivered. By elaborating the 
conditions (or contingencies) involved in contingent claims, we have a natural 
way to introduce risk into the analysis. This is seen most easily in the case of a 
lottery. In several states, for example, New York and Illinois, people can pur- 
chase state lottery tickets. Such a ticket will pay a certain amount of money to 
the holder on a specific day if the number-on the ticket matches a number 
randomly selected by the lottery officials. The lottery ticket is thus a contingent 
claim, where the “contingency” involves not only the time period but also the 
condition that the lottery ticket number match the randomly selected number. 

Other kinds of contingent claims are also well known. Accident insurance 
policies for automobile drivers are contingent claims that, under certain condi- 
tions, pay the policyholder for some or all of the accidental damages during the 
period of the policy.'? Earnings that accrue to the stockholders of a corporation 
often are complex contingent claims for which the amount paid depends on the 
performance of the company, the condition of the economy, changes in laws and 
other institutional changes, and the capital structure of the firm. 


"From time to time, state and local governments default and national governments repudiate their 
debt. At the national level, repudiation of debt is a fairly unusual occurrence often associated with 


revolution or the loss of a major war. 


"The contingencies for which the insurance contract will provide payment are usually described 
in detail in the contract. 
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There is a convenient way to conceptualize the notion of a contingent claim. 
At any point in time we can imagine several mutually exclusive “states of the 
world.” These states of the world are ex ante possibilities, only one of which will 
actually be realized. To illustrate with a simple example, consider an individual 
who purchases a 12-month auto insurance policy. For the purpose of this insur- 
ance contract, we can identify two states of the world: in state 1 there is no 
accidental damage and in state 2 there’ is accidental damage to the insured 
automobile. If, during the 12-month period, state 2 obtains (that is, accidental 
damage occurs), the insurance company will make a payment to the insured 
individual. If state 1 obtains (no accident), then no payment is made. 

In general, there will be a large number of states, and contingent claims may 
involve payments in one or more of these states at one or more points in time. 
The following table illustrates situations where there are S states and T time 
periods. The time/state combinations are represented by the T X S cells in the 
table. Thus, cell 2 represents state 2 in time period 1, cell 25 + 1 represents 
state 1 in time period 3, and cell (T — 1)S + 3 is state 3 in time period T.” For 
purposes of exposition, we restrict our attention to situations involving a finite 
number of states and a finite number of time periods. Note, however, that finite 
does not mean small; § and T could be large integers, such as 10". 


State 

Time 

Period 1 2 i s 
1 1 2 Ss 
2 S+1 S+2 2s 
3 28 +1 28 +2 3S 
4 ; 
7 (T-1)8 +4 (T=1)8 +2 i TS 


Using these ideas it is a straightforward matter to describe the economics of 
risky assets. A risky asset is a contingent claim and hence is equivalent to a 
payment in one or more of the time/state cells. Individuals derive satisfaction or 
utility from ownership of these contingent claims. The contingent claim for a 
payment of C in cell k of the time/state table will be denoted C,. Using this 
notation, we can represent the individual’s preference for different bundles of 
contingent claims by a utility function of the form 


UC), C2,- . -, Crs) - 


SIn general, state R in time period £ is represented by cell (t — 1)S + R. 
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The indifference curves for any pair of contingent claims C, and C, will usually 
be negatively sloped and convex as in Figure 18.3.1, Panel A. The specification 
used here is quite general, however, and it is possible that for some C; the 
indifference curves will not have this.familiar shape. For example, one of the 
time/state cells may represent the event that a herd of dinosaurs tramples the corn 
fields in Iowa in the year 2003. Because this event is infeasible, individuals will 
not get an increase in utility from an increase in the contingent claims on this 
particular time/state cell. Suppose C; represents claims on such an infeasible cell 
and let C, be claims for some feasible cell. In this case, the indifference map 
would be a set of straight lines as in Panel B of Figure 18.3.1. 


Exercise: Draw an indifference map for two infeasible states. 


T Demand for Contingent Claims by an Individual 
.3.a 


Individuals have an initial set of contingent endowments, that is, endowments 
that are available to the individual contingent upon the realization of some 
time/state cell. For example, a farmer who has planted a crop will have contingent 
endowments available at harvest time which depend upon weather conditions, 
demand for the crop, and other factors which influence the: price of the com- 
modity being grown. Another simple example would be a person who might lose 
personal property or income due to fire or sorne other accident during the next 
year or some other appropriate future interval of time. We represent these con- 
tingent endowments the same way we represented contingent claims. Thus, E; is 
the contingent endowment available to the individual in time/state cell 3 and £; 
is the contingent endowment for time/state cell i. The individual faces a set of 
contingent claim prices p;, Pz, p3,..., Where p; is the price of a contingent claim 
for time/state cell i. The individual is able to buy or sell contingent claims at these 
prices.” 

It is probably obvious by now that the situation described here is formally 
equivalent to the riskless case described in section 18.1 and the familiar current- 
period theory of consumer demand described in Chapter 3. The algebraic repre- 
sentation of the consumer choice problem is given by the following maximization 
problem for the case where, for notational convenience, we replace TS with a 
single letter, K (that is, K = TS). 


Consumer Choice Problem Choose Co, C+, C2,..., Cx to maximize 
U(Co, Cis- Cx) 
subject to the budget or wealth constraint: 
ORO + poCo +... + peCx = Eo + pE, + pE +... + pEr. 
“If, for some reason, individuals cannot buy and sell claims for certain time/state cells, tey 
would have to accept whatever contingent endowment they had for those states. The following 


ellen applies only to those time/state cells where buying and selling of contingent claims are 
possible. 
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Figure 18.3.1 Indifference Map for Contingent Claims 


Cy Cx 
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Panel A: Feasible states Panel B: One infeasible state 


In these expressions Eo and Cp are, respectively, the endowment and 
consumption of the numeraire claim. By definition of the numéraire, po = 1. It is 
common to use claims on the current period and the current state of the world 
as the numeéraire. For these claims the “contingency” is really a certainty 
because the current time and current state have been realized. The wealth 
constraint reflects the fact that the value of the consumer's contingent claims 
will.be equal to the value of the consumer's contingent endowment. The value 
of the contingent claims Co, C;,..., Cx held by the consumer in equilibrium 
cannot exceed the value of the consumer's endowments, just as in Chapter 3 
expenditures cannot exceed income (or wealth). On the other hand, because 
contingent claims are “MIB" commodities, the consumer will not hold fewer 
contingent claims than is feasible. 3 

The solution to this consumer choice problem will result in a set of demand 
functions for contingent claims that depend on the prices p;,...,px and the 
consumer's endowments Eo, E;,..., Ex. This is like saying that the demand for 
commodities depends on prices and income (or wealth). 

As formulated here, the consumer is given Fo, E;,...,&« by some 
exogenous means. In a more general treatment, it would be possible to 
introduce investment opportunities that allowed the consumer to transform one 
or more contingent endowments into one or more contingent endowments of 
some other type. This would correspond to an investment decision of the sort 
discussed in subsection 18.2.a. 


mba lak ah of Equilibrium Contingent Claim Prices 


The determination of equilibrium contingent claim prices is a general equilibrium 
problem very similar to the kind discussed in subsections 18.1.a and 18.1.b. In 
the case considered here, there is only one state in the initial time period 0 (the 
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present), and there are K possible next-period states (the future). Future states are 
numbered 1 to K, When there are N individuals, we can specify the current- 
period and contingent endowments of individuals by Æj where the index i 
stands for the-individual (i = 1,...,N) and the index j stands for the state 
(j =0,...,K). Thus, Ew is the current-period endowment for individual 1, and 
Ee is the contingent endowment of individual 6 in state 4 (next period). Using 
a similar notation, we write Cy for the state j contingent claims held by 
individual i. 

We will assume that individuals have a utility function that is linear in the 
natural logarithms of contingent claims. Thus, '° 


U(Co, Ciis- --» Ca) = In Co + aj ln Ca +... + ay In Cx. 
(18.3.1) 


Individual i will choose Cio, . .. , Ci to maximize this utility function subject to 
the budget constraint that 


Co + pCi +... + pxCx = Eo + pEr +... + prEx 


where pi, ..., px are the contingent claim prices. We know in general equi- 
librium models of this sort that only relative prices are determined. Thus, no 
generality is lost by setting p = 1, as we have in this example. Using 
the standard Lagrangian technique (see subsection 18.1.b), we obtain the first- 
“order conditions 


Go 
and 
a i hean CAAT 4 
G7 L a RN, 
Eliminating À; by substitution, we get 
C, cat OREN G 
qe J (18.3.2) 


PRAT Re os ERR Pm 


The first-order conditions (18.3.2) can be used to find Cj. Substituting C; 
from (18.3.2) into the budget constraint and collecting terms, we obtain 


Co = HE + pE +... + peEx) (18.3.3) 
where 


o=[1+ Dal’. 


“To simplify the algebra in the subsequent examples, it is assumed that all individuals have the 
Same log-linear utility function. Also, æ is set equal to 1 with no loss of generality. 
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If the equilibrium values of p, . . . , px are known, it would be a simple matter 
to use (18.3.3) to find Cw and then to use (18.3.2) to find Cy. However, in order 
to find p(j = 1,..., K), we need to take into account the fact that in any 
time/state cell j the equilibrium value of p, will be such as to equate the demand 
for claims and the supply of claims (that is, endowments) over the population of 
individuals. This equilibrium condition may be written 


N N 
DSC = DE ai la K: (18.3.4) 


i=l i=} 
Combining (18.3.1) and (18.3.3), we get an expression that determines 9,; namely, 


p=% AA A (18.3.5) 


j 
where 


N 
R= DEy i=0, lK. 


Peri of Equilibrium Contingent Claim Prices 
3.0 


In this subsection we provide two numerical examples of the equilibrium con- 
tingent claim price model of the last subsection. In each example there are two 
individuals (i = 1, 2). 


Example 1 In this example each of the two individuals has a current-period 
endowment of 1500. Next period each will again have 1500 unless an accident 
occurs. If an accident occurs, the individual in question suffers a loss of 1000 
There are four possibilities (states); no accident occurs (state 1); individual 1 
suffers an accident (state 2); individual 2 suffers an accident (state 3); both 1 
and 2 suffer an accident (state 4). The utility function for each individual is 
log-linear with a, = .64, az = .16, as = .16, and a, = .04 (see [18.3.1]). The 
contingent endowments (E;) are given in Table 18.3.1. Applying (18.3.5), we 
find that 


_ .64(3000) _ 

pr = 3000 
Similarly, p2 = .24, ps = .24, and ps = .12. By convention, the current state 
is the numéraire state, so po = 1. Using these values of po, pi, p2, ps, and pa, 
we can determine the wealth of each individual. Individual 1 has a wealth 
of 3000, calculated from Ero + p: E11 + poE:2 + psE:s + paEsa = 1500 + 
.64(1500) + .24(500) +.24(1500) + .12(500). Applying the same technique, 

> individual 2 also has wealth of 3000. For this problem, J 


1 
1 +a, + a2 + a + a5 
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Table 18.3.1 Contingent Endowments (example 1) 


State (j) 
Individual (i) 0 1 2 3 4 
1 1500 1500 500 1500 500 
2 1500 1500 1500 500 500 
Total (R;) 3000 3000 2000 2000 1000 
Table 18.3.2 Equilibrium Contingent Claims and Prices (example 1) 
State (j) 
Individual (/) 0 1 2 3 4 
1 1500 1500 1000 1000 500 
2 1500 1500 1000 1000 500 
Total (R,) 3000 3000 2000 2000 1000 
B 1 64 24 24 12 


Using equation (18.3.3), we calculate, 


Cio = 1500 
Cæ = 1500. 


Finally, applying equation (18.3.2), we find the remaining values of C\(i = 1,2, 
and j = 1,...,4). The results are summarized in Table 18.3.2. 

Comparing Tables 18.3.1 and 18.3.2 is instructive. We see that individuals 
trade contingent claims to “smooth” their consumption across states. Because 
the individuals have the same utility function and the same endowment in 
States 0, 1, and 4, no trading claim occurs for these states. In states 2 and 3, 
where initial endowments are different, because only one individual suffers an 
accident, there is a trading of claims. We see that individual 1 gets 500 of 
individual 2's state-2 endowment and, in exchange, gives 500 to individual 2 in 
state 3. This arrangement amounts to a simple mutual insurance company. 


Example 2 in this examole there is one current-period state (state 0) and two 
next-period states (states 1 and 2). State 2 can be thought of as a “boom" 
condition because each individual has a relatively large endowment in that 
state. State 1 is a “bust” condition, because endowments are relatively low. 
Contingent endowments are shown in Table 18.3.3. Given a, = a2 = .5, we 
can apply equation (18.3.5) to find p, and ps. These values can be used to 
find Cio and Czo from equation (18.3.3). Finally, equation (18.3.2) is used to 
calculate C;;, C2:, C12, and C22. The results are shown in Table 18:3.4. 
Comparing these last two tables once again illustrates the willingness of 
individuais to make trade-offs between the level of contingent claims they hold 
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Table 18.3.3 Contingent Endowments (example 2) 


State (j) 
Individual (i) 0 ee | 2 
ue 800 400 2500 
2 1000 800 1100 
Total (R;) 1800 1200 3600 
Table 18.3.4 Equilibrium Contingent Claims 
and Prices (example 2) 
State (j) 
Individual (i) 0 1 2 
1 862.50 575 1725 
2 937.50 625 1875 
Total (R,) 1800 1200 3600 
Pi 1 75 25 


and the “smoothness” of these claim holdings across periods. In Table 18.3.3 
of this example we see that individual 1 has a relatively “uneven” set of 
endowments. The state-2 endowment for individual 1 is more than 6 times as 
large as the state-1 endowment and more than 3 times the current-period 
endowment. Individual 2 has a relatively smoother set of endowments. At the 
equilibrium shown in Table 18.3.4, individual 1 has smoothed these 
endowments by trading state-2 endowments to individual 2 in exchange for 
more claims in state 1 and the current period. Individual 2 has a less smooth 
set of contingent claims than before trading with individual 1 but has received 
enough of an increase in state-2 endowments to compensate (in utility terms) 
for the relatively small reductions in the current-period and state-1 contingent 
claims. = 

The individual's willingness to trade depends not only on the endowments, 
but on the likelihood of particular events occurring. Recall that in the example 
of the dinosaurs trampling the Iowan corn field, no one wanted to buy claims 
that would restore some of the corn if such an event occurred. Similarly, even 
though individual 1's endowment is not very smooth, it is possible that 
individual 1 might want to trade for even more of consumption in state 2. But 
for individual 1 to.be willing to pay a higher price for that consumption than 
individual 2, one of two conditions must hold. Either 1 must place a higher 
likelihood on state 2 occurring tnan individual 2. Or individual 1 must have 
different preferences than individual 2. The point is that assessments of the 
event's likelihood also affect the equilibrium prices of the contingent claims. 


Chapter 18 Capital, Interest, and Investment ; ; _ 583 


584 


` 


Exercise: - Work through Example 2 with all the same endowments except 
increase individual 2's endowment in the current state from 1000 to 2800. You 
will find that p; is now 1.5 and pz is now .5. Notice that current-state claims 
(consumption) have increased for both individuals, even though only 
individual 2 received a larger endowment. How do you explain this? 


Debt, Equity, and the Value of a Firm 
18.3.d 


The contingent claims model is a useful device for analyzing the issues in the 
modern theory of finance. One such issue has to do with the relationship of debt 
and equity in a firm’s capital structure to the value of the firm, For example, 
consider a firm in a three-person world where there are two possible states of the 
economy (boom or bust) in each period and all three periods are future periods. 
The cash flow, or profit, of the firm in each time/state cell is shown in 
Table 18.3.5. This table says, for example, that if there is a “bust” in time 
period 2, the firm’s cash flow is $200 million in that time period. 

The contingent claim prices for these time/state cells are shown in 
Table 18.3.6 (where the current period is treated as the numéraire state). 
Table 18.3.6 says that a claim that pays $1.00 in period 1, if there is a boom in 
period 1, can be bought or sold currently for $0.81. Because there are only two 
possible states of the economy in this example, a payment of $1.00 for certain 
in period 1 can be purchased for $0.90 (=.81 + .09) currently, In other words, 
by purchasing both a “boom” claim and a “bust” claim for period 1, an individual 
gets a certain payment or $1.00 in period 1. The reason that a certain dollar in 
period 1 only costs $.90 is that individuals have preference for income now over 
income in period 1. Thus, the implicit “riskless” interest rate is, from the inverse 
of equation (18.1.14), 


Lg 
Soe = .111, or 11.11%. 


Both debt (bonds) and equity (for example, common stock) represent claims 
on a firm’s profits. The difference between debt and equity is essentially one of 
priority in rights to claim on the firm’s profits. Bondholders’ claims are satisfied 
first. Any profits that are left after the bondholders’ claims are met go to the 
equity holders (stockholders). To simplify exposition, it will be assumed that all 
profits left after paying bondholders are distributed as dividends to stockholders. 
The value of the firm is the sum of the value of the debt and equity claims on 
the firm. 

Suppose the firm of Table 18.3.5 issues bonds that promise to pay 
$100 million in each of the three time periods. Any remaining profits are then 
distributed to stockholders. We are interested in the following question: What is 


. the value of the bonds, value of the equity, and the total value of the firm? It is 


understood that the answer is to be given in terms of current-period values (the 
numéraire state). 
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Table 18.3.5 The Firm's Cash Flow (profits, in 
millions of dollars) 


State of the Economy 
Time ———— 
Period Boom Bust 
1 206 100 
2 500 200 
3: 650 250 
Table 18.3.6 Contingent Claim Prices 

State of the Economy 
Time 
Period Boom Bust 
1 81 09 
2 70 .11 
3 61 12 - 


SE a 
This table gives the current-period prices of claims that 
pay $1 in the indicated time/state cell. 


The answer to this question is found by using the time/state contingent claim 
prices of Tabie 18.3.6 and the cash-flow data from Table 18.3.5. Observe first 
that in all three time periods there will be at least $100 million to pay the 
bondholders no matter what state — boom or bust— obtains. Hence, there is no 
default risk associated with this bond issue. The bonds are thus equivalent to a 
certain payment of $100 million in each of the next three periods. By using the 
contingent claim prices in Table 18.3.6, we see that $1.00 for certain in period 1 
has a current price of $0.90 (=.81 + .09); a $1.00 payment for certain in 
period 2 has a current period price of $0.81 (=.70 + .11); and a $1.00 payment 
for certain in period 3 has a current price of $0.73 (=.61 + .12). Therefore, the 
bonds are valued at $100,000,000 x (.90 + .81 + .73) = $244 million in the 
current period. 

By subtracting the $100.million payment from each of the cash flows in 
Table 18.3.5, we find the amount of remaining profits available for distribution 
to stockholders in each time/state cell. These are shown in Table 18.3.7. Because 


‘It is not necessary that the implicit interest rate that converts period-zero dollars into period-1 
dollars equal the rate that converts period-1 dollars into period-2 dollars. In this example, the period-O 
interest rate was 11.11%. The period-I interest rate is 


tee AE 
SI 


But the period-2 interest rate is 
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Table 18.3.7 Firm's Cash Flows after Payments to 
-Bondholders (millions of dollars) 


State of the Economy 


Time 

Period Boom Bust 
1 100 0 
2 j 400 100 
3 550 150 


the stockholders receive the payments shown in Table 18.3.7, we can find the 
value of the stock (equity) by multiplying each payment by the appropriate price 
from Table 18.3.6. Thus, the value of the stock is calculated as follows: 


Stock value (in $millions) = (.81 x 100) + (.09 x 0) 
+ (.70 x 400) + (.11 x 100) 
+ (.61 X 550) — (.12 x 150) 
= $725.5 million. 


In other words, the value of the stock, which is simply a collection of contingent 
claims, is $725,500,000. The total value of the firm is the sum of the value of 
the bonds and the value of the stock (that is, the value of all the claims or the 
cash flows). The total value of the firm is $244 million plus $725.5 million, or 
$969.5 million. This could also be found directly by multiplying the contin- 
gent payments in Table 18.3.5 by the corresponding contingent claim prices in 
Table 18.3.6. 

Now consider what happens when the bonds are issued with a promise to pay 
$100 million in period 1, $100 million in period 2, and $300 million in period 3. 
If there is a “bust” in period 3, there is only $250 million of profits. In this 
situation, the bonds go into default. Because of the possibility of default, the 
bonds are risky; bondholders are paid $100 for certain in the first two time periods 
but get either $300 or $250 in period 3, depending upon the state of the economy 
in period 3. The value of the bonds is calculated as follows: 


Bond value (in $millions) = (100 x .9) + (100 x .81) 
+(300 x .61) + (250 x .12) 
= $384 million. 


As before, the stockholders are paid whatever profits are left after payments 


to the bondholders are made. Note, however, that the stockholders never get 
charged personally for default losses; this is what is meant by the limited liability 
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status of corporate stockholders. In other words, the stockholders get nothing in 
period 3 if there is a bust but they are not billed personally for the $50 million 
default on the bonds. The value of the stock is, therefore: 


Stock value (in $millions) = (.81 x 100) + (.09 x 0) 
+ (.70 x 400) + (.11 x 100) 
+ (.61 X 350) + (.12 x 0) 
= $585.5 million. 


The value of the firm is the sum of these two values, or $969.5 million 
(= $384 + $585.5 million). 

It is interesting to note that there is no effect from this change on the total value 
of the firm. This is because the reallocation of the claims between bondholders 
and stockholders does not affect the underlying cash flows of the firm; it only 
affects the distribution of these cash flows between the two groups. This is a very 
important result in the theory of financial economics. It was first shown by 
Professors Merton Miller and Franco Modigliani and is known as the Modigliani- 
Miller theorem.” 


Hajd EXPECTED UTILITY HYPOTHESIS 


Risk was discussed in section 18.3 in a very general fashion. Once the concept 
ofa contingent claim was introduced, it was easy to specify that contingent claims 
are seen as goods by individuals, so that the utility, function for contingent claims 
has the standard properties. 

It is quite common in the current economics literature to use a separate, more 
specific theory of utility for choices involving risk. This theory, known as the 
expected utility hypothesis, was developed by John von Neumann and Oscar 
Morgenstern in their book Theory of Games and Economic Behavior (1943). The 
expected utility hypothesis is developed from a set of axioms describing how 
individuals will choose among a set of risky alternatives. Although the axiomatic 
development involves some rather sophisticated mathematical reasoning, the » 
resulting expected utility theorems can be stated easily. 

Consider a set of mutually exclusive outcomes of: some experiment or 
“gamble.” These outcomes are equivalent to the states (or time state cells) de- 
scribed in the last section. Each outcome or state provides the individual with a 
specified payoff or wealth level, and each outcome also has a specific probability 
associated with it. Suppose there are K possible outcomes. The payoff for 
outcome j is C; (j =1,...,K) and the probability of outcome j is 7; 


“F, Modigliani and M. H. Miller. “The Cost of Capital, Corporation Finance and the Theory of 
Investment,” American Economic Review, 48 (June 1958), pp. 261-97. 
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(j =1,...,K). These probabilities have the usual property that m; = 0 and 
Dim, = 1. Let the utility of a certain payoff of C; be U(C)). The expected utility 
hypothesis says that the utility attached to a lottery with payoffs C,,..., Cx, 
having probabilities 7,,..., mg, respectively, is 


a, U(C,) + 142 U(C,) + ... + x U(Cx). 


Readers familiar with the probabilistic concept of expected value will see that this 
utility theory assigns to a gamble the expected value of the utilities of the possible 
payoffs of the gamble. For example, suppose the individual has a utility function 
of the form U(C) = VC and suppose this individual is offered a lottery ticket 
that pays 0 with the probability % and 100 with probability 2. The utility value 
associated with this lottery ticket is 


5 V0 +> VIO =0+5=5. 


The expected utility hypothesis is really just a special case of the more general 
contingent claims model described in section 18.3. The contingent claims model 
does not require the utility function to depend on outcome probabilities as does 
the expected utility model. In the contingent claims case, utility can be “state 
dependent.” That is, the utility of an outcome may be affected by more than just 
the probability of the state and the payoff as is required`by the von Neumann- 
Morgenstern axioms. In fact, as we have seen in section 18.3, the contingent 
claims model (sometimes known as the state-preference model) does not require 
explicit or even implicit use of the probability concept. 


————— hv ssSssSsSSSSsSSss 
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SYNOPSIS 
18.5 


m The theory of interest can be developed in a manner formally equivalent to 
the neoclassical theory of general equilibrium by introducing dated 
commodities and a time-dependent form of the utility function. In this 
formulation, interest rates are, in effect, prices of dated commodities (or 
money). 

Œ Investmemt can be viewed as a process of physically transforming one 
endowment stream into another or as a choice among the various 
endowment streams provided by a capital asset such as a piece of land. 
This choice will depend on the time-prices of the endowment stream 
(denoted p,, p2, ... in the chapter), or interest rates. The interest rate, r, is 
simply a transformation of a time-price, p, of the form 


leis i 
p 

or 
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© When individuals can trade claims to their current- and future-period 
endowments, the investment decision can be separated from the 
consumption decision. In this case, the investment decision amounts to 
choosing that endowment from the investment-opportunity set with the 
largest present value, or wealth, given the prices pi, p2,.... 

@ By using the conceptual device of a contingent claim, it is possible to 
extend the analysis to cases involving risk. In this form of the model, the 
prices pj, P2,... are the price of a claim on a commodity that becomes 
available to the claim holder contingent upon the realization of one or 
more states of the world at one or more points in time. 


QUESTIONS AND EXERCISES 


1. Suppose, for the model described in subsection 18.1.b, that Ew = En = 100 and 
Ex = Ez = 150. Also suppose a = .45 and B = .5, What is r°“? Why is r° 
negative? Do individuals trade in this case? 

2. How does the answer to question | change if it is possible for individuals to carry 
inventories of current endowment into the next period for consumption? 

3. a. Suppose the two-period investment-opportunity set is linear with slope —1.05. 
That is, suppose individuals can choose any nonnegative values of Eo and E, 
that satisfy 

E, = 100 — 1.05Eo. 
Assume there are two identical individuals, each with a utility function like that 
used in subsection 18.2.b. Show that the equilibrium value of the interest rate, 
r®, is 0.5, What are Ej and and Ef for individual 1? What are Co and C, for 
individual 1? 

b. Suppose that the investment-opportunity set is linear for each individual but that 

the slopes and intercepts are not the same. In particular, suppose that 
individual 1 has an investment-opportunity set given by 

En = 99 — 1.1E, 
and individual 2 has-an investment-opportunity set given by 

Ex = 84 — 1.05E2. 
Using the utility function of subsection 18.2.b (identical for both individuals) 
find p°, r°, EX, Eži, Cio, Cir; Cao, and Cry. 

4. Consider a model involving risk with one (certain) current period and two possible 
states next period. Suppose the individual has 1,000 units of endowment in the 
current period and no endowment in either state next period. If p, = .675 and 
p2 = .225, how much will it cost the individual to have 450 units of consumption 
for certain next period? What is the riskless rate of interest for one-period loans? 
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o Imperfect Information 


Why should the price of women’s clothes be higher than men’s, given we 
could rule out differences in costs of production? Why do we see firms 
announcing markdowns (or clearance sales), which are attempts to move 
merchandise at a price (significantly) below the original price? Why should 
employers care whether a job applicant has a college degree, when going to 
college will not improve the applicant’s performance on that job? Why do 
some products come with guarantees? 

The answers to all of these seemingly unrelated questions are related to the 
material in this chapter, which is concerned with circumstances where all 
information is not held by each and every economic agent. Throughout most 
of this book, it has been assumed that information is perfect, or that it takes a 
particular, deterministic form. While under most circumstances this unrealistic 
assumption greatly simplifies the analysis and still results in quite accurate 
predictions of behavior, this is not always true. 

We will see that imperfect information gives consumers an incentive to 
spend resources searching for the best price. When there is uncertainty about 
demand, firms must “search” for the best price to charge. We will discover 
that in dealing with this uncertainty, firms will benefit from reducing their 
prices over time rather than keeping ‘them at some constant level. We will 
also explore circumstances of adyerse selection, where one party has more 
information than the other. If you have successfully mastered the material in 
this chapter, you should be able to provide the answers to the questions just 
posed in the opening paragraph of this chapter. The “Applying the Theory” 
section contains a newspaper advertisement announcing a fairly typical 
markdown sale of famous name brand men’s shoes, which will be used to test 
your understanding of some of the material here. M 
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APPLYING THE THEORY 


Prices Slashed on 1,000’s of Pairs of Men’s Name Brand Shoes 
Questions 3. The ad indicates that the markdown is _ j 
1, Suppose that Michaels Shoes has some 25 percent for famous brand genuine r 
idea about the prices that consumers leather casuals. The numerical examples t 
are willing to pay for a brand name presented in the text in section 19.3 
shoe, but they do not have the demand (based on Table 19.3.1) always resulted | 
curve pinned down exactly, especially in a second period price (P;) that was 
with regard to particular new styles/ exactly half that of the first period 
colors, How does this assumption help price (P,). Is Michaels Shoes prema 
explain their pricing behavior as repre- strategy therefore inconsistent with the } 
sented in this advertisement? explanation given for markdown sales 
in this chapter? Explain. 

2. Suppose it is the case that women's 4. The prices in the ad also make it clear Í 
brand name shoes sell for more than that the markdown on some shoes is 
men’s brand name shoes, given cost greater than the 25 percent markdown 
conditions. How would you explain on genuine leather casuals. Suppose 
such a fact, based on the material in you ask Michaels Shoes the reason for 
this chapter? this difference, and they respond that 


PRICES SLASHED ON 1,000’S OF PAIRS OF 
MEN'S NAME BRAND SHOES SAVE” 75% 


Fla SEs menmas z : SSeS ine 
SES TUS ee bt tot ETET Pareto ` raa : 
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the percentage of customers who are 
browsers (versus actual shoppers) is 
different for genuine leather casuals 
than for these other shoes with a greater 
markdown. For which type of shoe is the 
percentage of browsers greater? Explain. 


Solutions 


The anatysis in section 19.3 indicates 
that markdowns or clearance sales can 
be interpreted as the direct result of the 
search by firms for the best price when 
there is uncertainty about the exact 
nature of the demand for their pro-. 
duct. Uncertainty makes the ability to 
vary price over time valuable, Such a 
strategy enables them to learn from 
their “mistakes.” Although the specific 
example introduced ir section 19,3 

is for a designer dress by Yves 

St. Laurent, the analysis is also appli- 
cable to selling a new product where 
there are many potential copies. It also 
applies when the seller may not know 
enough about which particular style or 
color is most in demand. (The small 
print in the ad states that “not all 
brands, colors, & styles available” at 
these “slashed” prices.) 

The explanation for this difference lies 
in the fact that when demand is uncer- 
tain, there is a difference between the 
average price charged and the expected 
revenue per good. It may well be that 
women’s shoes have a high average 
price if they sell, but a lower proba- 


bility of selling. Men’s shoes might 
have a lower average price at sale, but 
a higher probability of selling. The ex- 
pected revenues of the two types of 
goods may well be the same. Thus, it 
is possible for the average price of 
men’s name brand shoes to be lower 
than the average price of women’s 
name brand shoes, even if it costs the 
same (or more) to produce men’s brand 
name shoes. 

The result in the text in section 19.3 
that Pa = 4P, is a direct result of the 
assumption that the distribution of V is 
uniform (or equally likely) at all the in- 
termediate prices between the highest 
and lowest values, Notice that this is 
the case in Table 19.3.1. Thus, the fact 
that there are 25 percent markdowns at 
Michaels Shoes is not necessarily in- 
consistent with the analysis in 

section 19.3. ; 

The higher the percentage of browsers, 
the less that is learned from the fact 
that a given price is rejected. Thus, the 
rate of price decline is smaller, the 
larger the proportion of browsers to ac- 
tual shoppers. We would therefore pre- 
dict that there is a higher percentage of 
browsers for genuine leather shoes than 
for the shoes with a greater markdown. 


Source: Advertisement, The Los Angeles Times, 
August 15, 1987. 
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INTRODUCTION 
19.1 


Throughout most of this book, it has been assumed that the relevant agents 
possessed all the necessary information. However, in the real world, it is rare that 
all is known by all parties. Consumers may not be aware of the price that every 
store charges for a particular good. Sellers may not know the exact demand curve 
for their products. The quality of the good may be uncertain. These consid- 
erations affect the interaction between buyers and sellers. This chapter takes a 
brief look at the effects of imperfect information on market organization. The 
analysis takes us to the frontiers, because the economics of information is a 
relatively new area of research.’ - 


THE THEORY OF SEARCH 


19.2 
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One of the most basic features of a market where uncertainty is prevalent is that 
not all firms charge the same price for a given commodity. If firms charge 
different prices for the same commodity, then some consumers may opt to look 
around or to search for the lowest prices. In this section, we consider how 
the existence of many prices, rather than one price, affects the behavior of 
consumers. 

To make things simple, we consider a fanciful example. Imagine a town is 
endowed with 10 hot springs that have the effect of curing the aches and pains 
of all those who bathe in any of the springs. The springs are owned by 10 different 
individuals whose prices are not necessarily the same even though the springs are 
Substitutes for one another. (In a later section, we will analyze how the prices are 
determined. For right now, simply take those prices as given.) 

Tourists arrive at the train station in the center of town and then select some 
Strategy for choosing a spring. Since the tourists do not know the prices of each 
of the springs before they get there, they must seek out the lowest price. The logic 
of what follows is that they continue to search until the expected decline in price 
associated with another inquiry is just equal to the “cost” of making the additional 
visit. 


ook and the Distribution of Purchase Prices 
.2.a 


Although consumers do not know where the lowest prices are to be found, they 
do have an idea as to what prices are likely to be. One way to justify this 
assumption is to assume that tourists have vacationed in other, similar towns, and 


'The pioneering work in this area is by George Stigler, “Economics of Information,” The Journal 
of Political Economy. 69, no. 3 (June 1961), pp. 213-25. 
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through experience they have learned that prices are likely to be distributed as 
shown in Table 19.2.1: 


Table 19.2.1 The Distribution of Hot Spring Prices 


Number of Springs a 

Price Charging That Price 

eid sce Oe see it, er i n 
$10 1 
12 2 
14 3 
16 2 
17 2 

10 firms total 


The tourist knows that there is likely to be a $10 spring in the town, but she does 
not know which of the 10 springs to call on first. 

Let us suppose that the consumer randomly chooses to visit spring A and finds 
that its price is $16. What is the value to looking at an additional spring? The 
value depends on which spring the individual encounters. If she gets lucky, and 
the next spring is the $10 spring, then. she has saved $6 as a result of having 
searched. The chances of this happening are only one in nine, however, since 
there are nine firms left and only one has a price of $10. If she is less lucky, she 
may find a spring that charges $16 or $17. The value of finding those prices is 
zero, since there is no reason for her to choose to bathe there over the first spring 
visited, which offered a price of $16. Thus, there is a three in nine chance that 
the value of the search will be zero. There is also a three in nine chance that she 
will come across a firm that charges $14, in which case the return to her search 
will have been $2. Finally, there is a two in nine chance that she will visit a spring 
that charges $12, yielding a savings of $4. Thus, the individual’s expected return 
from searching at one more spring, given that she has already found a price of 
$16, is 


(1/9)$6 + (2/9)$4 + (3/9)$2 + (3/9)$0 = $2.22. 


The expected return to search is $2.22, but this is conditional on having found 
the $16 price first. What if the tourist had been fortunate enough to find the $10 
price on the first try? Then the return to an additional search would be zero, 
because nine of the nine other prices exceed the one that she has already found. 

In a similar way, the expected return to an additional unit of search can be 
determined, conditional on each of the five possible prices. If there were a large 
number of tourists, and if each of the springs is equally likely to be paid a visit, 
then 1/10 of the consumers would encounter the $10 firm on their first call, 2/10 
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would encounter the $12 firms, 3/10 the $14 firms, 2/10 the $16 firms, and 2/10 
the $17 firms. This, plus knowledge of the cost of search, tells us how many 
tourists make the second search and tells us the proportion of buyers at each price. 

Table 19.2.2 gives the expected return to seaich, given the price encountered 
on the first search. The expected return is calculated for each initia! price as 
described above. 

Suppose that the only cost involved in visiting another spring is the gasoline 
used in travel. Suppose that the springs are spaced equally so that it always costs 
$.00 in gasoline to make one more visit. Table 19.2.2 tells us that all of those 
individuals who have encountered a first price that exceeds $12 will find it 
profitable to search, since the expected return exceeds the cost. Thus, 7/10 of the 
consumers canvass (at least) two firms, and 3/10 of the consumers buy from the 
first spring they encounter, Stated alternatively, 1/10 buy at $10, 2/10 buy at $12, 
and 7/10 search. 

To find out exactly what each consumer pays, consider first those individuals 
who encountered a $17 spring on their first try. Of those, 1/9 will encounter the 
other $17 spring on their second try. They end up paying $17 for the bath. (We 
ignore additional searches.) Thus, 1/9 of the original .2 pay $17, or only 1/45 


æ of the population ends up paying $17 for the bath. All other individuals pay less 


than that, either because they encountered a lower priced spring on the first try 
or because they searched again and found a lower priced spring on the second try. 
Only 1/45 had the misfortune to end up paying $17 even though 2/10 of the 
springs charge $45. This is an important point. The proportion of sales at $17 is 
far smaller than the proportion of springs that charge that price because con- 
sumers have the option of rejecting the high-priced springs. 

Of the remaining 8/9 of those who encountered $17 on the first try, 2/9 end 
up paying $16, 3/9 end up paying $14, 2/9 pay $12, and 1/9 pay $10. 

It is tedious to follow this through for all groups in the example, but after 
having done so, the final distribution of transaction prices is given in 
Table 19.2.3. ; 

The expected selling price is 


-1777($10) + .3555($12) + .3333($14) + .1111($16) + .0222($17) 
= $12.86. 


In the absence of any search beyond the first inquiry, the expected selling price 
would have been 


-1($10) + .2($12) + .3($14) + .2($16) + .2($17) = $14.20. 


Thus, search cuts the average price paid. This is logical since no one would 
search if he or she thought it would result in paying a higher price. 

Again note from Table 19.2.3 that buyers are not distributed evenly among the 
firms. Even though only .1 of the springs charge a price of $10, .17 of the tourists 
take their baths there. Conversely, .2 of the springs charge a price of $17, but only 
-02 of the tourists bathe there, Search tends to concentrate sales at the lower 
priced firms. 
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Table 19.2.2 Expected Return to Search 


initial Price Encountered Proportion of Buyers Expected Return 
$10 x $0 
12 2 22 
14 3 89 
16 2 2.22 
7 2 2.44 
Table 19.2.3 The Distribution of Transaction Prices 
Purchase Price Proportion of Buyers Proportion of Springs 
$10 A777 A 
12 .3555 2 
14 3333 3 
16 1441" 2 
az 0222 Be 
1.0 1.0 


Equilibrium Price Distributions 


The spirit of this example is correct, but something is incomplete. Examination 
of Table 19.2.3 reveals that the firm that charges $14 has the largest expected 
revenue. Since that spring gets .3333 of the sale, its expected revenue is 


(.3333)($14)(N) = ($4.66)N 


where N is the number of tourists who visit the town. This exceeds the expected 
revenue of any other spring. At the opposite end, the firm that charges a price of 
$17 has the lowest expected revenue. It receives 


(.0222)($17)(N) = ($.38)N . 


That suggests that the initial distribution of prices that was assumed is not 
stable. The spring that charges $17, for example, will find it profitable to change 
its price to $14. If it does so, it will change the number who search and the 
number of customers that each of the firms that charge $14 receives. An equi- 
librium is not reached until all firms are satisfied with the prices that they are 
charging; there is no way that any of them can make more money by changing 
their prices. 

To examine the full equilibrium, it is useful to simplify the example somewhat 
by assuming that there are only two springs. In equilibrium, both springs must 
earn the same expected profit, or it will pay for one spring to change its strategy 
to that of the more profitable firm. 
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This is a game-theoretic problem and assumptions are important. The assump- 
tion that we make is that each spring, when changing its price, assumes that the 
other firm will hold its price constant. This assumption results in what is generally 
called a Bertrand equilibrium. It is somewhat unrealistic when there are only 
two springs, but as the number of springs increases, the assumption becomes 
much more plausible. In a town with 100 springs, it is not unreasonable that there 
will be little reaction to a change in price by one firm. 

Additionally, it is assumed that the firm believes that its change in price does 
not alter the customers’ search strategies. This assumption is important also and 
realistic when there are a large number of sellers. Under these circumstances, it 
is possible to achieve equilibrium. 

We repeat the analysis of 19.2.a, but with a minor simplification: Let there be 
only two kinds of firms —a high-priced type and a low-priced type. Suppose that 
60 percent of the firms charge the low price, whereas 40 percent charge the high 
price. Let the cost of the first and second search be zero, but the cost of the third 
search is $2. (This can be justified by allowing the value of the water to the 
customer to decline with delay to consumption.) Finally, suppose that customers 
buy no water at prices greater than $1. 

To show that this is an equilibrium, it is sufficient to demonstrate two things: 
First, at the equilibrium prices, customers’ search is consistent with the final 
distribution of purchases across firms. Second, no firm has an incentive to change 
price. 

Let us conjecture that prices of $.19 and $1 are the equilibrium prices. Since 
40 percent of the firms charge $1, 40 percent of customers encounter an initial 
price of $1. Since the cost of the next search is zero, all of them search. 
Approximately 60 percent of them encounter a low-priced firm, whereas 
40 percent encounter a price of $1 again. (Assume a large number of customers 
and firms.) That leaves 


6+ 4X 6 = .84 


customers at a firm with price of $.19 after two searches. Those who still have 
found only $1 firms do not search again because the cost of the third search is $2 
and the value of the search is .6($1 — .19) = $.49, which is less than $2. Thus, 
84 percent buy from firms that charge $.19 and 16 percent buy from firms that 
charge $1. 

The first part of the analysis is complete: 84 percent buy at the low price, 
16 percent at the high price. Now we must show that all firms are content with 
their current prices. 

This is straightforward. High-priced firms get .16 of the customers, so the 
expected revenue for any given high-priced firm is (.16)(N/M)($1), where N is 
the total number of customers and M is the total number of firms. The expected 
revenue at the low-priced firm is similarly 


(.84)(N/M)($. 19). 
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But 
(.84)(N/M)(S.19) = $.16(N/M) 


as well. So what the low-priced firms lose in price, they make up in volume. Both 
types of firms make the same profit. 

Now ask, does a low-priced firm have any incentive to change price? If a 
low-priced firm raised its prices to, say, $.20, all of its customers would make 
the second search, since their cost of search is zero. But then those firms end up 
with only .16 of the customers and (.16)(N/M)($.20) < (.84)(N/M)($.19). The 
same is true for all prices between $.19 and $1. A price of $1 results in the same 
profit as the $.19 price, so that is no better. Ata price above $1, there are no sales 
since customers refuse to buy if the water costs more than $1. A price lower than 
$.19 does no good because it does not alter the number of customers. All who 
encounter the high price already make the second search and a lower price cannot 
induce them to make the third. 

The same reasoning applies to high-priced firms. At any price greater than $1, 
no purchases are made. At prices below $1, the firm loses because it still gets 
(.16)(N/M) of the customers and the selling price is lower. (It gets only 
(.16)(N/M) of the customers because all make the second search and none make 
the third.) Thus, no firm wants to change price, so there is an equilibrium. 

This example is somewhat unrealistic. The assumptions about the jumpy 
nature of search costs generates an equilibrium with more than one price. In the 
real world, differences in prices across stores are more likely to reflect subtle 
differences in products. For example, an individual interested in buying a new 
camera can go to an expensive store in a fancy shopping mall, or can choose to 
order the same camera through a mail-order outlet at a lower price. The prices are 
different in equilibrium, but so are the products. The expensive store probably 
has a more lenient policy on returns and is more likely to assist the customer if 
the camera turns out to be defective. Some individuals prefer the low price, low 
service mail-order outlet and some prefer the higher price, higher service mall 
store. Each individual has an incentive to search for the store that suits him or her 
best. But the search is for a combination of price and service, rather than for price 
alone. 

The labor market is characterized by this kind of search. Workers and firms 
try each other out, as jt were, to make sure that they are a good match. Some firms 
offer high pay, but demand long hours. Others offer lower pay, but have more 
relaxed working conditions. Workers search over firms to learn whether the 
combination of work conditions and pay is the one that suits them best. This 
generally occurs early in an individual's work life and explains why individuals 
change jobs frequently when they are young, but eventually settle into a per- 
manent one (see Rosen, 1972; Jovanovic, 1979; and Hall, 1982 in the Suggested 
Reading list at the end of this chapter). 

Note that the two different reasons for search have different implications for 
efficiency. If search is generated simply as a multiple-price equilibrium, then all 
seatch is socially wasteful. In the spring example, some individuals left the first 
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spring and used gasoline and time to drive to the second spring, merely to obtain 
a lower price. But the product that they eventually received was assumed io be 
identical. If prices had been the same in the first place. then no search within the 
town would occur. No gasoline would be wasted and (at least) the same number 
ot baths would be taken. © 

Search that helps an individual fiad his or her niche, either in the labor market 
or in the product market, is not necessarily wasteful. The customer who does not 
Value his or her time highly and is willing to forgo good service is truly beiter off 
as a result of having driven around to find the low-priced, low-quality store. The 
better service costs society something to produce, and it may well be the case that 
the additional gas and time used cost less than providing the additional, and 
unwanted, service.* 


LEARNING DEMAND OVER TIME 


19.3 


600 


in the previous section, discussion was focused on search by consumers who 
recognize that all firms do net charge the same price (or offer exactly the same 
product). But when there is uncertainty about demand, firms must “search” for 
the best price to charge, Throughout this book, it has been assumed that the 
price-setting firm knows the demand curve that it faces with certainty. In reality, 
it has an idea about prices that consumers are willing to pay for a good, but it 
rarely has the demand curve pinned down exactly. Thus, sellers must select a 
pricing strategy that enables them to learn from their mistakes. Their ability to 
change the price over time in response to experience is an essential feature of 
price setting. Markdowns or clearance sales are a result of the search by firms for 
the best price. This process is at the heart of retail pricing.’ 

The point can be made best by considering a specific example. Imagine that 
the designer dress department of a large department store has just received Yves 
St. Laurent’s latest creation, of which only one exists. The manager must decide 
how to price that dress, not knowing exactly what some woman may be willing 
to pay. To make matters simple, Suppose that the price that the buyer who values 
it the most is willing to pay is V. The problem is that the seller does not know V, 
but may have an idea about its value. For example, suppose that from experience, 
the seller knows that some dresses sell for as much as $10,000 and that some must 
be given away. Suppose further that all intermediate prices ate equally likely. 
Thus, the probability that the dress can command a price higher than $16,000 is 
zero, and the probability that it sells at a price higher than zero is one. 
Table 19.3.1 reports potential prices and the probability of a sale at each of those 
prices. Table 19.3.1 is also represented graphically in Figure 19.3.1. Here, the 


: “It is not obvious that even this kind of search is always efficient because firms may have an 
incentive to select services offered in a nonoptimal way. 


“This analysis is taken from Edward P. Lazear, “Retail Pricing and Clearance Sales,” American 
Economic Review, March 1986, pp. 14-32. z 
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Tabie 19.3.1 Prices and the Probability of Sale i 


Price Probability of Sale Expected Revenue 
$10,000 0] $ 0 
8,000 2 1,600 
6,667 3333 2,222 
5,000 5 2,500 
3,333 6667 2,222 
2,000 8 1,600 
0 1.0 ` 0 


Uniform Prior on V 


tv) 


1/10,000 


$8,000 $10,000 vV 


probability that a sale takes place at any given price is the area of the rectangle 
formed by the vertical line at that price and the vertical line at price $10,000. 
Thus, if the price were $8,000, the probability that V = 8,000 is 


(10,000 — 8,000) x (1/10,000) = .2. 


It is easily seen that if the firm must select one price and stick to it, the price 
that maximizes expected revenue is $5,000. (We ignore the costs of acquiring the 
dress throughout.) Under those conditions, the store will sell the dress half of the 
time so that its expected revenue is $2,509. No other price yields as high an 
expected revenue. But this is too static a view of retailing. The firm has the option 
of changing its price after having been disappointed by the first price. 

To see the importance of being able to change price, imagine that the firm can 
price at two separate times during the season. Think of this as two periods. The 
firm can charge one price during the first part of the season, called period 1, and 
a different price during the second part of the season, called period 2, if the good 
does noi sell during the first.* ; 


“We assume that the discount rate is zero so that we do not have to worry about a preference for 
selling during the first period. 
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Figure 19.3.2 Uniform Posterior on V 


flv) 


1/8,000 
1/10,000 


$4,000 $8,000 $10,000 v 


The firm must select a price P; for period 1 and P, for the second period. What 
is crucial is that the choice of P, gives the firm information that is valuable for 
setting the price in period 2. This is why setting prices when demand is uncertain 
is somewhat different from setting price when demand is certain. 

Let us derive P}, contingent on P}, first. Consider a firm that had selected some 
price P, in period 1, but found that the good did not sell. If it did not sell, then 
it must have been the case that P, > V. Women who čame into the store rejected 
the chance to buy the dress because its price exceeded the value that they attached 
to it, Thus, suppose that the firm had selected a price of $8,000. If it remains 
unsold after the first period, then it must be the case that V < $8,000. This is a 
valuable piece of information. Now, the distribution of potential purchase prices 
has changed. A statistical concept, known as Bayes’ theorem, allows the firm to 
update its assessment of V. Since it knows that V > $8,000 is impossible, it must 
now be the case that V lies between 0 and $8,000, with all values equally likely. 
Given that assessment, Figure 19.3.2 shows the relevant distribution. A firm 
facing those probabilities in period 2 maximizes expected revenue by choosing 
a price of $4,000, or by splitting the new distribution in half. This yields an 
expected revenue of $2,000 in period 2, which can be shown to dominate any 
other choice. 

Thus, if the price in the first period was $8,000 and the good did not sell, then 
the price in the second period should be $4,000. If P, = $7,000, then P, should 
be $3,500, with an expected revenue in period 2 of $1,750, and so forth. 

The most important lesson so far is that the price in period 2 is lower than the 
price in period 1. The reason is obvious. If the good did not sell at P, in period 1, 
then it pays for the firm to try a lower price in period 2. A higher price in 2 does 
no good, because the firm has already ruled out the possibility of selling the dress 
even at P,. 

This is the logic behind markdowns and clearance sales. A disappointed seller 
reduces the price of the dress in the second period in hopes of selling it. The firm 
chooses a high price in period 1 knowing that if the good does not sell, it always 
has the option of trying a lower price next period. 
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It is immediately clear that the firm must take pericd 2 into account before 
choosing a price in period 1. Since period 2’s price is P,/2 (in this example), a 
higher price in period 1 increases the revenue available through sale in period 2. 
But a high price in period 1 has two adverse effects as well. First, the higher the 
period 1 price, the lower is the chance that the dress will se!] at that price. Since 
P, > Pa, the firm would prefer to sell at the period 1 price. Second, if the price 
in period 1 is too high, it provides very little information to use in period 2. For 
example, if the firm set P, = $9,999, the fact that the dress did not sel! would 
not give the firm much useful information about the price to be chosen in 
period 2. Only a trivial part of the original possibilities could be ruled out. 

In the current example, it turns out that the best price for period 1 is $6,667.5 
If it does not sell at that price, then in period 2 the best price is $3,333. Under 
these circumstances, expected revenue is 


(3333) ($6667) + (.3333) ($3333) = $3333. 


Notice that when the firm could only select one price, the expected revenue 
was only $2,500. The ability to price twice, and to learn from experience, 
increases the expected revenue of the firm. 

Sometimes the store will not be able to sell the dress before the end of the 
second period. Since P, = 3,333, if the maximum amount that any buyer would 
pay is 2,000, then the dress goes unsold. Retailers understand that this event is 
a possibility, but choose to price the dress at 3,333, because if it does sell, the 
firm makes higher profits. This means that the average price at which the good 
sells and expected revenue are not the same. If the good sells, half the time it 
will sell at P, and half the time it will sell at P;. The average seiling price is 


*This can be seen more formally. Let F(V) be the “prior” distribution function on V. Then the 
probability that V > P, is 1 — F(P\). Given that the good was not sold in period 1. the firms can rule 
out that V > P,. The new distribution function is F,(V). If V is distributed uniformly between 0 and 
10,000, then F;(V) is uniform between 0 and P, (by Bayes’ theorem). The probability that the good 
is sold in period 1 is 1 — F(P,). The probability that it is sold in 2 at price Ps is F(P\)[1 — Fy(P;)]. 
Thus, the firm chooses P, and P, to maximize 


Pl — F(P,)] + P2F(P)) [1 — F(P2))- (19.3.1) 
Given the uniformity of F(V), (19.3.1) becomes 
Maxp,,p,P\(1 — P,/10,000) + P,(P,/10,000) (1 — [P2/P,]) (19.3.2) 


or 
Maxe,.p;P, — (P3/10,000) + (P;P,/10,000) — (P3/10,000) . 


The first-order conditions are 


a 2? OP 
en | mee ened 19.3.3 
a 3P, 10.000 ` 10, ne?) 
b. ABT lee oR m0, 


ðP, 10,000 10,000 
Equation (19.3.3b) implies that P; = 4P,, Substituting into (19.3.3a) yields 
P, = 6,667 
so 
P, = 3,333. 
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OTHER ISSUES OF IMPERFECT INFORMATION 


therefore $5,000. But expected revenue was only $3,333 because it only sells , 
2/3 of the time. 

The difference between expected revenue and average price received when the 
good sells is important. Some goods have very high average prices if they sell, 
but a low probability of selling. Some have lower average prices at saie, but a 
higher probability of selling. The expected revenues of the two types of goods 
may well be the same. It is possible, therefore, that the average price of men’s 
clothes is lower than the average price of women’s clothes, even if it costs more 
to produce men’s clothes. If prices are such that retailers of men’s clothing rarely 
find their clothes unsold, but that retailers of women’s clothing throw away 
garments often (or sell them for scrap value), expected revenue on men’s clothing 
could be higher than that on women’s. But the prices that the consumer sees on 
the rack are higher tor women’s clothes than for men’s. 

The same kind of logic can be applied to pricing a new product of which there 
are many potential copies, For example, an established computer firm is trying 
to decide how to price a new model. It can raise the price if it finds that the price 
that it charged initially was too low, or can lower it if it finds that its first price 
was too high. This kind of learning affects not only the way it changes price, but 
also its choice of the initial price. Just as in the case of the designer dress, it 
generally pays to start with a high price. If expectations are disappointed, the 
price can be lowered. If the firm does better than expected, it generally pays to 
leave the price at its first-period level. This principle, which requires considerable 
algebra to derive, is based on the following logic: The price in the first period 
should always be set high enough so that learning that V equals or exceeds that 
price would not change the optimal pricing policy. 

There are two points to this section: First, pricing when demand is uncertain 
is not the same as pricing when demand is known. Uncertainty makes the ability 
to vary price over time valuable. When demand is known (and stable), the price 
chosen for period Í is also the optimal price for period 2. Generally, uncertainty 
about demand results in prices that fall the longer the good remains unsold. 

Second, there is a difference between the average price charged and the 
expected revenue per good when demand is uncertain. The reason is that some 
goods go unsold-when demand is uncertain. If demand were certain, firms would 
never produce more than could be sold. Under those circumstances, the average 
price and expected revenve would be the same. Since each good sells at price P, 
expected revenue is (revenue/quantity) = price. 


In the real world, ail information is not held by each and every economic agent. 
Throughout most of this book, it has been assumed that information is perfect, 
or that it takes a particular, deterministic form. Under most circumstances, this 
unrealistic assumption greatly simplifies the analysis and is sti!l quite an accurate 
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predictor of behavior. That is rot always true, however. In this section, we 
consider a few other areas where imperfect information makes a difference. It 
should be mentioned that this is a relatively new area of research and so what 
follows is a mere sketch of an investigation that is currently in its infancy. 


z Adverse Selection 
19.4.a 


Adverse selection arises when one party has more information than another. The 
less well-informed party knows that he or she is at a disadvantage and: the 
equilibrium that results reflects that caution. As before, an example best illus- 
trates the principles.® 

When an individual decides to sell his car, he has more information about it 
than a prospective buyer. In fact, it may be exactly that information that induces 
him to sell the car. For example, subtle indications that the transmission is soon 
going to explode might make him decide to trade the car in. Thus, used car lots 
are filled with potential disaster. Of course, the prospective used car buyer knows 
this and takes it into account when making an offer. He recognizes that the 
selection of cars on the lot is an adverse one. It is not a random sample of cars 
of that type. Instead, it is overrepresented by cars with mechanical defects. 
Adverse selection affects the market price. 

If all cars on used car lots had the identical problem of the transmission being 
ready to blow, then the equilibrium price of those cars would equal the value of 
that car with a new transmission, minus the cost of the transmission replacement. 
Consider the price on a used 1973 Ford. It might command a market price of 
$1,500 if it- were in perfect running order. However, if it were known ‘hat owners 
only traded Fords that had faulty transmissions, then all used Fords would soon 
require transmission repairs. If the cost of repairing the transmission were $500, 
then the market price would be $1,000. 

The determination of price is somewhat more complicated, however, because 
some of the 1973 Fords on the lot do not have transmission difficulties. in fact, 

2 some are there merely because their owners want to upgrade their level of 
transportation, perhaps to their newly acquired status. Thus, the population of 
used cars consists of some lemons and some good cars that are no longer best 
suited to their previous owners. In what follows, the market equilibrium is 
characterized. 

Suppose that the demand for used Fords in good condition is perfectly elastic 
at $1,400. Thus, the value of a Ford that requires, say, $300 of repairs is $1,100. 
There are 10,000 Fords in existence. The owners of 8,000 of the 10,000 would 
not sell their cars for $1,400 or iess, so those cars are irrelevant to the used Ford 
market. Of the 2,000 remaining, 1,000 are in perfect condition, but the owners 


“The example derives froin George Akerlof, “The Market for ‘Lemons’: Quality Urcertainty and 
the Market Mechanism,” Quarterly Journal of Economics 84 (August 1970), pp. 488-500. 
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are anxious to buy a new car. They will sell for any price over $1,000. The other 
1,000 need repairs that vary in cost from $0 to $500, uniformly. Thus, the 
average repair on those cars is $250. A 

Adverse selection means that the worst cars are the ones most likely to be up 
for sale. This can be introduced in the following simple way. If R is a “random 
variable” that represents the amount of expenditure necessary to repair the car, 
then R goes from $0 to $500. Those owners with the cars that are least costly to 
repair are least likely to sell. This can be represented by the following sell 
condition that pertains to the group that has cars in need of repair. (The other 
group sells at any price above $1,000.) 

Sell if P > $1,500 - R (19.4.1) 
or if 4 

R > $1,500 - P, 
where P is the market price. Owners of cars in need of repairs costing $400 will 
sell at any market price above $1,100. Those owning cars requiring only $200 
repairs will not sell unless P > $1,300. 

Thus, at any price greater than $1,000, the used car market consists of two 
kinds of cars. One thousand cars are in perfect shape. Additionally, there will be 
some cars on the market that require repair. For example, if the price were 
$1,200, then only 2/5 of the 1,000 owners of defective cars would put theirs on 
the market, They would be the owners for whom R = $300. Fhe average repair 
bili on those cars would be $400. There would be 1,400 cars on the market, 400 
of which needed average repairs of $400, 1,000 of which are in perfect shape. 
In general, if we define R* as the minimum value of repair necessary to induce 

_ an individual to sell his car, then, using (19.4.1), 


R* = 1,500 - P.. (19.4.2) 


In general, then, the proportion of owners of cars in need of repair who opt to sell 
is 


1 — R*/500, (19.4.3) 


for example, when P = $1,200, R* = 300, so 2/5 opt to sell. The average level 
of repair on those defective cars that are sold is therefore 


Average repair = ($500 + R*)/2. (19.4.4) 


The value of a car to a buyer is $1,400 if it were in perfect shape, but only 
$1,490 — R if it needs repairs, Recall that because only the seller knows whether 
a car needs repair, and if so how much, the buyer who buys a car has a 


1,000/[1,000 + (1 — R*/500)1,000] 
chance of getting a perfect car and a ; 
(1 — R*/500)1,000/[1,000 + (1 — R*/500)1,000] 
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chance of getting a car in need of repairs. The denominator is the total number 
of cars available on the market. The expected value of cars on the market that are 
in need of repair is $},400 — [(500 + R*)/2] pice the second term is the 
average repair bill on these cars. 

If the buyer is risk neutral, then the value of a randomly selected car is 


Value = $1,400 Fie cal 


1,000 + (1 - © 
eo SAE 
500) 12000 


- (nn) 


en 
el 1,000 


- = (19.4.5) 
1,000 + (: - $E) (1,000) 


Since value must equal price for equilibrium (recall that demand is perfectly 
elastic), equilibrium is given by 


- (oan) 


(19.4.6) 


On the supply side, the condition that determines the seller who is just indif- 
ferent to putting his car on the market is equation (19.4.2). Substitution of it into 
(19.4.6) yields an equation in R* alone that can be solved. Its solution yields 


R* = $228.22 


which, using (19.4.2), implies P = $1,271.78. 

Let us interpret this. Any owner of a defective car with needed repairs costing 
less than $228.22 does not sell. All others do. Thus, 1 — 228/500 of the owners 
of defective cars sell. This means that there are 1,000 + 544 cars on the mar- 
ket. The 1,000 are perfect, the 544 need repairs, the average of which cost 
($500 + 228.22)/2 or $364.11. Substitution of these values into (19.4.5) tells us 
that the average value is $1,271.78. That is also the price that induces exactly 
thos owners with R > 228.22 to sell. Thus, all is consistent. 
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Some buyers get perfect cars, some get lemons. They know this in advance 
and the market price, which is below the value of a car in perfect condition, 
reflects the probability of buying a lemon. Adverse selection occurs because 
sellers have better information about their cars than buyers. Thus, on average, the 
worst cars get sold. But since the market is aware of this fact, the market price 
adjusts so that on average, buyers zet exactly what they expect.’ 


oe Pooling, and Separating Equilibria 


In the previous example, those individuais with the better cars to sell were hurt 
because their cars were pooled together with those that were of lower quality. 
Buyers could not be sure whether the 1973 Ford that they were buying was in need 
of $500 of repair, or no repair at all. The price that they were willing to offer feil 
short of $1,400 as a result. This meant that those with cars that were truly worth 
$1,400 lost out. 

The equilibrium described in the previous section is called a pooling equi- 
librium because the good cars and bad cars are pooled in the same market. 
Sometimes it is possible to separate the good cars from the bad, even if buyers 
cannot observe the quality of the good when they buy it. If good cars can be 
Separated from bad cars, then a separating equilibrium is said to exist. 

One way to bring about a separating equilibrium is to offer guarantees. A 
guarantee is a form of contingent contract since it says that a payment from seller 
to buyer is made if a particular event occurs. The event in this case is breakdown 
of the automobile. 

Suppose that the present owner of the Ford could promise to pay the repair bill 
on the car if it turned out that the car was in need of repair, Prospective buyers 
then would be willing to pay $1,400 for the car with guarantee, because they 
would be certain of obtaining a car in perfect running condition at that price. 
Owners of cars that required no repairs surely would offer the guarantee. If they 
do not, then they receive only $1,271 for their car. If they do, they receive $1,400 
and since they know that the car will need no repair, the full $1,400 that they 
receive is kept. 

Recall that in the last example, only owners of defective cars that required 
more than $228 of repairs put their cars up for sale. None of these owners would 
be willing to offer a guarantee if they could continue to receive $1,271 for their 
cars. The best car of that group, namely the one that needs only $228.22 of repair, 
sells for $1,400 with the guarantee But the seller then ends up paying $228.22 
and receives a net of only $1,171.78. Thus, he prefers to sell at $1,27!.78 
without the guarantee. All other sellers of defective Cars are even more anxious 
to seli without guarantees. 


"See Edward P. Lazear, “Salaries and Piece Rates.” The Journal of Business 59, no. 3 (July 1986), 
Pp: 105-31, for an example of adverse selection in the labor market. 
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‘The sellers of defective cars will find that the option of.selling without 
guarantees is no longer available to them, once the sellers of good cars offer 
guarantees. Consumers know that the seller of a good car prefers the higher 
price with guarantee to the lower price without. Thus, the consumer automati- 
cally infers that the car is defective if it does not come with a guarantee. On 
average, the repair will cost $364.11, so the buyer would now pay only 
$1,400 — 364.11 = $1,035.89 for the car. But if that is the price, only those 
sellers with cars needing repairs that exceed $1,500 — 1,035.89 = $464. 1i will 
Sell their cars (see equation 19.4.1). Now, however, the average repair is 
$482.05, so consumers will only be willing to pay $1,400 — 482.05 = $917.95. 
But at that price, no defective cars are supplied. The lemons have been eliminated 
from the market completely. The reason is that not providing a guarantee allows 
consumers to infer that the car is defective. The equilibrium is a separating one 
because it has separated the market for good cars from that for lemons. 

It is efficient that in this separating equilibrium, no defective cars are sold, 
Equation (19.4.1) tells us that the value of any defective car to its current owner 
is $1,500 — R. For any value of R, the value to the current owner exceeds its 
value to a new owner. If the market operates efficiently, it must allocate resources 
to their highest valued use so the current owners of defective cars should retain 
Possession. They behaved in a way that was socially inefficient because they 
could pass their cars off as the average vehicle. When no guarantees are permit- 
ted, the average quality of cars sold was higher than the average quality of 
defective cars because good cars were in the pool as well. Owners of lemons sold 
their cars because they could profit from having their cars pooled with good ones, 
Guarantees prevent pooling from occurring and rob lemon owners of the oppor- 
tunity to hide behind the veil of the average car. 


Moral Hazard and Enforceability 
19.4.c 7 


If all of this is true, why don’t all cars come with comprehensive warranties? 
There are at least two major reasons. 3 

First, “moral hazard” is a problem. Moral hazard results when one party 
insures another against some event over which the insured party has some con- 
trol. In the previous example, a car that is sold to a new owner in perfect condition 
may break down because the new owner does not exercise proper maintenance. 
In fact, the fact that the car is guaranteed gives the new owner an incentive to i 
spend less on the car’s preventive maintenance, since all repairs are at the 
previous owner’s expense. The seller knows this before selling the car and may 
be reluctant to offer a guarantee as a result, 

Moral hazard is a more general issue and comes up in a number of contexts: 
In the labor market, an employer may “insure” a worker by offering to pay an 
hourly wage, irrespective of the amount that the worker produces during that 
hour. Workers who are paid time rates such as salaries (as opposed to piece rates, 
that compensate according to output, for example 2¢ per picked tomato) have the 
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Opportunity to work less hard, claiming that output was low for reasons beyond 
their control. The importance of moral hazard in the labor market context means 
that firms often compensate workers in ways that circumvent these problems, at 
least in part." 

The second problem is one of enforceability. Implicit in the discussion of 
guarantees was the notion that the buyer could easily track down the seller and 
make him pay the repair bill. Anyone with real world experience knows that this 
is easier said than done. After having made the sale, the seller may decide not to 
honor the guarantee, claiming, perhaps, that the particular repair lies outside the 
Scope of the guarantee. In fact, he might use moral hazard on the buyer’s part as 
a defense, claiming that the buyer did not take proper care of the car. The ability 
to renege on the guarantee may cause the Separating equilibrium to break down, 
At the extreme, a seller of a lemon who knows that he can Costlessly renege on 
the guarantee is always willing to offer one. Of course, buyers know that the 


Thus, moral hazard and enforceability place limits on the extent to which 


problems are sufficiently Pronounced, the equilibrium that is observed in the 
market is likely to be a pooling one. 


me apiS and Second-Best Solutions 


Imperfect information can lead to difficulties that sometimes can be solved by 
contracts, A contract is an agreement, often signed before all the relevant infor- 
mation is obtained, that dictates behavior in various states of the world. 

Contract theory has most recently been applied to the labor market to analyze 
quits and layoffs. The problem is this: A worker would like to demand the 
maximum wage that the firm would be willing to pay. A firm would like to offer 
the minimum wage that the worker would be willing to accept. Since those values 
are not known to all parties with certainty, problems can result. 

To see this, consider the following model.’ Next period, a worker will be 
worth M to the firm, The value of M is known to the firm, but not to the worker, 
Similarly, next period the worker has some other options, which dictate the 


of A is known to the worker, but not to the firm. 

If the world were perfect, one would like the worker to work for the firm 
whenever M > A. That is, the worker should work for the firm as long as he is 
worth more to the firm than elsewhere. This is shown by the area below the 


*See Joseph Stiglitz, “Incentives, Risk, and Information: Notes Toward a Theory of Hierarchy,” 
Bell Journal of Economics 6 (Autumn 1975), pp. 552-79: and Edward P. Lazear, “Why Is There 
Mandatory Retirement?” Journal of Political Economy 87 (December 1979), pp. 1261-64. 


“This analysis is taken from Robert E. Hall and Edward P. Lazear, “The Excess Sensitivity of 
Layoffs and Quits to Demand,” Journal of Labor Economics 2 (April 1984), pp. 233-57. 
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45 degree line where M = A in Figure 19.4.1. For example, if the worker is 
worth 100 to this firm and only 80 elsewhere, then both worker and firm would 
be made better off by having him work at 90 than not at all. Unfortunately, firms 
are trying to get workers to work at the lowest possible wage and workers are 
trying to get firms to hire them at the highest possible wage. This means that 
mistakes may occur that prevent work, even when such work would be bene- 
ficial. As firms and workers bicker over price, nothing gets done. An extreme 
form of this negotiation cost is a strike. In the previous example, the worker may 
believe that he is worth 90 and the firm may believe that the worker would accept 
80. They may argue about the price for such a long period that nothing ends up 
getting done. 

Both sides obviously recognize this possibility in advance. As such, they may 
set up a contract, either explicit or implicit, that allows one side to announce the 
wage and lets the other side take it or leave it. One frequently used arrangement 
awards the power to announce the wage to the firm, which is uncertain of the 
worker’s minimum acceptable offer. (The firm may have to pay the worker 
something in advance for the right to do this. The way that payment is generally 
made is by compensating the worker at a rate greater than his productivity in the 
current period in anticipation of being able to exploit the worker next period.) F 

Although the firm does not know the minimum amount that the worker will 
accept, it does know how much the worker is worth to the firm. It is generally 
true that the firm pays more, the more the worker is worth. The reason is that 
the firm does not want to lose the worker during boom periods when his work has 
a high payoff. Thus, a typical wage-offer schedule is the one shown as line OR 
in Figure 19.4.1. 

To best understand it, suppose that after the contract has been set, it turns out 
that M = 80. The firm does not know the worker's value of A, but announces a 
wage of 40. If that wage exceeds the worker's acceptance wage, then the firm gets 
80 units of output and only pays the worker 40 at point D, receiving a profit of 


"Formally, let the firm believe that A ~ g(A) with distribution function G(A). The firm wants to 
maximize expected profit. If it announces a wage, W, that falls short of A, the worker does not accept 
the job. At any wage W > A, the worker accepts. Thus, the probability that the worker accepts at 
wage W is G(W), since that is the probability that A < W. 

The firm's problem then is to choose W to maximize 

(M — W)G(W) 
since M — W is the net gain of having the worker employed, and G(W) is the probability that he 
accepts at wage W. $ 

The first-order condition is 


A = ~GIW) + aw ~ W) = 0 

(since dG(W)/dW = g(W)). Rearranging terms, we get that 
GW) 

zW) 


Since G(W) and g(W) are always positive, W < M. The firm takes a chance on losing the worker 
by offering a wage that is less than his value to the firm. If the firm is lucky (A < W), it makes 
M — W onthe transaction. if unlucky, A > W. 


W=M- 
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Figure 19.4.1 Efficient Work and Optimal Wage Offer 


45° (M=A) 
A| 
BO eats EEN 5 APRE 
f 
i 
7 
Work 
60 Fee 48 
| should ! 
H R 
Worker's | not 
minimum 40 -==—== Se A EE ee ee A 
acceptance | 
wage should 
! 
' 
A eee 
0 80 M 


Worker's value to firm 


40. Of course, there is the possibility that the worker's acceptance wage exceeds 
40, for example, is equal to 60 as shown in Figure 19.4.1 at point B. Under these 
circumstances, the worker refuses to work and the firm gets nothing. It pays for 
the firm to take the chance, however. At the extreme, if the firm paid 80, it would 
induce the worker to work whenever A < M, but would earn no profit on the 
transaction. Thus, thé line OR is the wage schedule that maximizes expected 
profit for the firm. The problem is that there are times when work should, but 
does not, occur. Point B is an example of one of those times. 

An alternative arrangement allows the worker to announce a wage demand, 
giving the firm the option to take it or leave it. Doing so results in a wage demand 
schedule as shown in Figure 19.4.2. This results in firms refusing the offer of 
work whenever M < W. The firm will not hire the worker if the wage demand 
exceeds the value to the firm. Point B is one such situation. The worker knows 
that he can get 40 elsewhere, but demands a wage of 60, hoping that the firm will 
accept. Since he is only worth 55, the firm declines and work does not occur, But 
it should. Since the worker is worth more to this firm than he would be willing 
to accept, all could be made better off if work occurred. The worker's attempt to 
exploit the firm in this situation prevents it from occurring. 
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Figu 19.4.2 Efficient Work and Optimal Wage Demand 
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Whether the contract is set such that firms announce wage offers, workers 
announce wage demands, or some other arrangement, depends on which arrange- 
ment minimizes the losses associated with work that does not occur when it 
should. This is a “second-best” solution. The contract that awards one side the 
right to determine the wage is not perfect, but may be better than no contract at 
all. When no contract is available, parties may squander the entire period, 
bickering over the appropriate wage. Deciding in advance that wages are deter- 
mined unilaterally conserves on strike costs and may make both parties better off 
as a result. 


ere Ignorance: Auctions and Winner’s Curse 
19.4.e 


The information problems that have been discussed so far arise when one party 
Knows something of which the other party is ignorant. Adverse selection and 
other inefficiencies may result under these circumstances. In the last example, 
employers knew what they were willing to pay their workers, but workers did not 
possess that information. In this section, we consider what happens when both 
sides are ignorant about some relevant value. x 
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Consider an auction for land that may or may not have oil below it. Suppose 
that the land is worthless if no oil is present, and is worth the value of the oil if 
in fact the hole is not dry. Let the actual value be denoted V. Of course, when 
individuals bid on the land, they do not know V, but only have some guess of its 
value. The ith individuals guess can be denoted 


Vie Ve He 


where e; is random error-associated with lack of clairvoyance. The larger is the 
variance of e;, the less clairvoyant and the more likely is the bidder to guess the 
wrong value. 

“Winner's curse” is the economic analogue of an old Groucho Marx joke, in 
which Marx states that he would not want to be a member of any club that would 
accept him. The same argument goes here. On average, bidders do not want 
to buy any land on which they succeed in outbidding the other individuals. The 
reason is that the winning bid is, on average, higher than the value of the oil. This 
can be shown formally," but the intuition is this. The individual who wins had 
the highest assessment of the amount of oil in the well. She had the highest e, and 
that was the reason that she outbid everyone else. But this means that everyone 
else’s guess on the value of the well is below hers, and surely the average guess 
is below hers. In fact, the average guess is ‘the best estimate of the value of the 
oil in the well. Since the winner’s bid exceeds the average bid, on average, she 
has paid too much for the well. Thus, there is a winner’s curse: | do not want to 
own any well that I can buy! r 

The problem here is not that oné bidder knows something that another bidder 
does not know. The problem is that ignorance on all sides works to the detriment 
of the market. In fact, if there were not some way out of this conundrum, auctions 
of this sort would not exist. No one would bid on an item when he or she knew 
in advance that the chances were that the winner would pay more than the good 
was worth. 

Yet such auctions do exist in the real world. Somehow, collective ignorance 
does not totally disrupt these markets. How can that be the case? There are a few 
possible explanations. 

First, bidders who understand that the winner is subject to this kind of curse 
can shade their bids in a way that will leave them with no loss. Instead of bidding 
up to V;, they bid up to some level less than that amount to take into account 
winner's curse. To see this, let us pursue the oil well example. 


"The formal proof follows. Consider the simplest case of only two bidders, į and j. If each bids 
up to her estimated value, then ¿ wins when V, > V, and she pay$ V, + K, where K is the size of the 
bidding step (since this is where j drops out). Thus, she gets the well, worth V, and pays V; + K. 

The profit that she receives is 


V-V-K=V-V-6-K 
=e) = G 
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To make things simple, suppose that e; can take only two values, 50 or —50. 
Suppose that there are a large number of bidders so that on average, 1/2 see 
V + 50 and 1/2 see V — 50 as the value of the oil well. 

Under these circumstances, if bidders were to bid up to V,, the individual 
knows that if she wins, she has bid 50 more than the expected value since the 
winner must be drawn from the group that assesses the good at V + 50. Knowing 
this, every bidder adopts the rule that if she thinks the well is worth V,, she 
will bid at most V; — 50. Individuals whose estimates of the well’s value 
were produced from e; = —50 end up bidding V; — 50 = V — 50 — 50 = 

— 100. Individuals whose estimates of the well’s value were produced from 
e; = 50 end up bidding V; — 50 = V + 50 — 50 = V. The winning bid equals 
V so that winner’s curse is avoided: All bidders, who recognize that winner's 
curse plagues the auction, shade their bids by 50 and this results in a winning bid 
that, on average, equals the value of the well. Thus, the rational bidder always 
drops out of the auction at some point before the price rises to her assessed value 
of the good. 

The reason that winner’s curse is such a serious problem in this example is that 
the value of the well is the same to each bidder, even though those bidders do not 
know its exact value before buying the land. But most auctions do not have that 
property. This leads to the second explanation for the existence of auctions. 

Suppose that the good in question were not a piece of land that might contain 
oil, but instead an antique table. Here the table’s worth to each individual might 
well be known before the good is purchased. There is no ignorance on the value 
of the good. The auction occurs because different individuals attach different 
values to the table. Antique buffs might pay more for the table than those who 
prefer contemporary furniture. Thus, winner’s curse is not an issue. The winner 
is certain that the good is worth to him at least as much as he pays for it. That 
this may exceed others’ assessment of the table’s value is irrelevant. All auctions 
need not be characterized by ignorance about the good to be sold. Generally, 
auctions are held because individuals have different assessments of the good’s 
value. Auctioning the antique table is a seller’s way to find the maximum value 
of that table. This differs from the case of the oil well, where all assess the value 
in the same way, but no individual knows the value with certainty before the good 
is purchased. 


The expected value of —e,, given that i is a winner, is the expectation of —e,, given that £, > &,. 
If e,, £; ~ f(e), then this can be written as 


“=(e, + Kifle) 
ar ST ae eae 
[I — Fie) Jerk eh ge 


BV -V-K\e>e)=| Í 
= Í =le; + K)fle;) de, 
==K <0 

Thus. winning the bidding contest is not profitable, 
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One of the most important ways of thinking about situations where information 
is imperfect is the theory of signalling, sometimes called the “screening” hy- 
pothesis. This idea, best articulated by Michael Spence," holds that when infor- 
mation is imperfect, individuals can take steps that provide others with signals, 
or proxies, for the relevant variable. The idea is most frequently associated with 
the pursuit of formal education. The story goes that an employer does not know 
a worker's ability when he hires him, but he knows that individuals who complete 
their undergraduate degrees are more likely to perform better on the job than those 
who do not. More recently," the same idea has been applied to the product market 
and advertising. There the atgument goes that those firms that find it profitable 
to advertise believe that they are likely to remain in business longer and probably 
have a better product. Thus, it is rational for consumers to pay more for goods 
that are heavily advertised. 


Soe with Education 


To understand how the signalling hypothesis works, we consider the example of 
formal education. The theory, in its purest form, holds that schooling contributes 
nothing to a worker’s productivity. The reason that employers are willing to pay 
more to individuals with degrees is that they recognize that those individuals who 
complete school are also better workers. 

In order for the signalling hypothesis to hold, two assumptions are necessary. 
First, it must be true that there is a positive correlation between ability to perform 
in school and ability to perform on the job. Second, it must be the case that the 
school can test performance more cheaply than the employer. 

Let us consider an example to show how a signalling equilibrium is main- 
tained. Suppose that there are only two classes of individuals in the world: quicks 
and slows. The quicks produce $100,000 over their work lives for the firm, 
whereas the slows produce only $90,000. Schooling does nothing to alter the 
productivity of workers, but quicks can obtain a college degree in 1/4 the time 
it takes a slow. If quicks and slows could be identified, then firms that bought 
labor in competitive factor markets would be forced to pay quicks $100,000 and 
slows $90,000 over their lifetimes. Our approach is Suppose that employers 
believe that all those with college degrees are quicks and all without are slows. 
We then show that this belief will be self-fulfilling. Thus, a signalling equilibrium 
is achieved. 


"A. Michael Spence, “Job Market Signalling,” Quarterly Journal of Economics 87 (August 
1973), pp. 355-374. 


"See, for example, Benjamin Klein and Keith B. Leffler, “The Role of Market Forces in Assuring 
Contractual Performance,” Journal of Political Economy 89, no. 4 (1981), pp. 615-41; and 
P. Milgrom and J. Roberts, “Price and Advertising Signals of Product Quality,” Journal of Political 
Economy 94, no. 4 (1986), pp. 796-821. 
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Specifically, suppose it costs a slow $20,000 of time to obtain a degree 
whereas it costs a quick only $5,000 of time, because a slow has to devote more 
time than a quick to studying. The return to obtaining a degree is $10,000 
($100,000 — $90,000). Since this exceeds the quick’s cost, all quicks finish 
college. But the slow’s cost is $20,000, which exceeds the return. Thus, it does 
not pay for slows to attend college. 

The employers’ assumption has been validated. All quicks obtain degrees and 
no slows do. Thus, paying a worker with a degree $100,000 and one without 
$90,000 is an equilibrium strategy. No employer nor worker has an incentive to 
deviate from the solution. 


Social Inefficiency of Signalling 


.5. 


Although employers and workers have incentives to encourage signalling, society 
loses as a result. The reason is that in the pure signalling world, schooling is 
unproductive, yet individuals waste resources on it. In the last example, suppose 
that the economy consisted of 10 quicks and 10 slows. With signalling, the 
output of the economy is 


10($100,000) + 10($90,000) — 10($5,000) = $1.85 million , 


$5,000 being subtracted for each of the 10 quicks who uses his time in school, 
rather than producing output. Without signalling, the output of the economy is 


10($100,000) + 10($90,000) = $1.9 million. 


Since schooling does not alter productivity, total production does not change, 
except for the saving of the schooling costs. 

The distribution of income is different when signalling occurs. Then quicks 
receive $100,000 and slows $90,000. If no signalling were permitted, quicks and 
slows would be indistinguishable and each individual would be paid $95,000 
($1.9 million/20 workers). It is the difference in distribution that causes employ- 
ers and workers to opt to signal, even though it is socially inefficient. 

If schooling were truly unproductive and served only to sort the quicks from 
the slows with no social good coming of it, the world would be better off without 
it. A law that told employers that they could not “discriminate” on the basis of 
education would eliminate any return to education for quicks and no schooling 
would be undertaken. 


Criticisms of Signalling Theory 

19.5.¢ 

The last paragraph seems extreme and probably strikes most readers as a bad idea. 

There are a number of reasons for this, most of which have been used to cr.ticize ` 

signalling as a model of education. The most important of these is this: 
Signalling theory rules out the possibility of contingent contracts. Many have 

argued that although employers may not be able to sort quicks from slows 
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initially, after some time on the job the facts will be revealed. Thus, employers 
could assume that all individuals were slows, paying at the low wage rate. If an 
individual turned out to be quick, then the employer could raise his wage enough 
to pay for the future and to make up for underpayment in the past. This kind of 
contingent contract saves schooling expenses so even quicks should prefer this 
kind of arrangement. Thus, if contingent contracts are feasible, they will domi- 
nate a signalling equilibrium. The feasibility of such contracts is an empirical 
question. 

This point notwithstanding, signalling theory is at the heart of informational 
problems in economics. It models the behavior of maximizing agents in an 
imperfect world and has become an important force in modern economic theory. 


eee — —  —ssssssSsSSSssSFs 


SYNOPSIS 


™ Economic analysis is affected by the existence of imperfect information in 
the real world. 


m Imperfect information may give rise to a distribution of prices for the 
same good by different sellers. When different sellers charge different 
prices, consumers have an incentive to search across producers for the 
lowest price, That incentive is greater, the greater is the dispersion in 
prices. The existence of search by consumers means that the distribution 
of announced prices by firms is different from the distribution of actual 
transactions prices, Since consumers search for the lowest-priced firms, 
transactions at low prices occur out of proportion to the numbef of stores 
who offer low prices, Although 10 percent of the firms charge the highest 
price, fewer than 10 percent of the sales are made at that price. Price 
dispersion may well reflect subtle differences in the good. Services, 
convenience of location, and shopping amenities may lie behind many 
price differences across sellers. 

® When information is imperfect, firms, too, must experiment. Few firms 
know their demand curves perfectly and must price in a way that 
maximizes profit, given their ignorance. Timing of prices is important. It 
generally implies that prices will start high and fall as a function of time 
that the good remains unsold. It also implies that sellers will set prices in 
a way that leaves some goods unsold. The ability to change price over 
time means higher profits for the firm and more precise knowledge of the 
demand curve. 

© Adverse selection can result when one party has more information than 
another. If buyers have less information than sellers, then price reflects 
lower quality that results from putting worse-than-average quality goods 
on the market. Because the price adjusts, buyers end up getting what they 
paid for, on average. 
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m Guarantees, which are a form of contingent contract, can minimize the 
impact of adverse selection. At the extreme, it creates a sorting 
equilibrium, so that high- and low-quality. goods are sold in separate 
markets, with different prices and terms. Guarantees, like most forms of 
insurance, encourage moral hazard. In this case, buyers take less care with 
the good than is optimal because they know that the seller must cover the 
cost of repairs. Difficulties associated with enforcing the guarantees can 
also limit their effectiveness. 

w Contracts can sometimes circumvent some difficulties that arise when 
information is imperfect. An agreement to avoid bickering by setting up 
some fixed set of terms in advance can conserve on negotiation time and 
increase the probability of a transaction. Contracts usually result in only 
second-best solutions because they cannot deal with all contingencies 
perfectly. 

m Even when ignorance is symmetric, say in the case of many buyers 
bidding for a good of uncertain value, markets tend to be more 
complicated. In particular, the winner of a particuiar good would end up 
paying too much for it on average, unless he or she shaded his or her bid 
appropriately. Winner’s curse does not apply when consumers have 
different, but known, valuations of the commodity. 

m Signalling may be an important way to transmit information. For a signal 
to be valid, a necessary condition is that cost of acquiring the signal must 
be negatively correlated with the more valuable outcome. Although it may 
be in the interest of the private parties to acquire a signal, signalling, in its 
purest form, is socially inefficient. Thus, if education provided nothing 
more than a signal of worker productivity, a law that prohibited pay 
“discrimination” on the basis of education would be desirable. Few would 
take such an extreme view of the education process. 


QUESTIONS AND EXERCISES 


|, Search costs vary with the value of an individual’s time. Rich people value their 
time more highly than poor people. This would suggest that the rich would search 
less than the poor. On the other hand, the rich spend more money than the poor. 
The more items that are purchased, the larger is the savings from having searched 
for the lowest price. What do these effects imply about the relationship between 
price paid and income? 

2. Gas stations located across the street from one another often charge different 
prices. Can search theory rationalize this phenomenon? What else migh be going 
on? j 

3. Consider an art gallery that is trying to sell a painting Its strategy is to start with a 
high price, then to lower it if the painting does not sell within a month. Suppose 
that some individuals who come into the gallery are art collectors, whereas others 
are merely browsers who will not buy the painting at any price. How should the 
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rate of price decline vary with the nuriber of individuals who come into the store 
and with the proportion of browsers to collectors? (Assume that the owner cann, 
tell a browser from a collector.) 
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individual’s decisions, 570-72, 574 


633 


interest determination, 572-75 
risk, 576 
Invisible computer, 533 
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demand supply analysis, 275-78 
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long-run equilibrium, 266-75 
lump-sum tax, 334-37 
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price controls, 337-38 
price functioning of a system, 534 
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profit or loss, 260-61 
Profit maximization, 530 
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welfare maximization, 529 
Perfect price discrimination, 317-20 
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Preferences, theory of, 32 
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consumption decisions, 36 
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Price 
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theory, 349-69 
Price changes 
demand curve, 78-80 
elasticity of demand, 80-82 
price-consumption curve, 78, 80-82 
Price-consumption curve, 78, 80-82 
Price discrimination, 312-17, 342-44 
Price controls, 118 
competitive industry, 337-38 
monopoly, 339-40 
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Price elasticity of demand, 80, 129-35 
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relation to marginal revenue, 142 
total revenue, 132-33 
Price externalities, 553 
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Price leadership, 402-5 
Price supports, 340 
Price-taking demanders, 254 
Price-taking suppliers, 254 
Price theory, 349-69 
Price-wise linear pooo posal 
frontier, 516n 
Prisoner’s dilemma (game), 395 
Product group, 354-55 
long-run equilibrium, 363-64 
Production 
definition, 149 
economic region of, 187-90 
expansion path, 195, 198-202 
function, 154-58 
linearly homogeneous, 165-66 


geometry of average product curves, 


158-60, 166-67 


geometry of marginal uct 
curves, 160-62, Picea? 


goods and services, 149-50, 176-77 


inputs, 152 
fixed, 152-54 
short or long-run, 152-53 
variable, 152-54 
variable proportions, 153 
input substitution, 176-77, 185-90 
one variable input, 151-66 
optimal combination of resources, 
190-95 
stages of, 163-64, 169 
surface, 177-84 


™ 


total, average and marginal products, 


162-63 
two variable inputs, 174-203 
Production function 
definition, 154 
farmer as entrepreneur, 493-94 


law of diminishing marginal physical 


returns, 158 
linearly homogeneous, 165-66 
long-run costs, 212-13 
short-run costs, 212-16 
to eee ee frontier, 


total output or product, 154-58 


See premtany frontier, 513-14, 


piecewise linear, 516n 
Production surface 
continuous case, 178-79 
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ore case, 178 
ixed-proportions production 
functions, 182-84 
isoquants, 179-81 
Production table, 174-77 
input substitution, 176-77 


Productive service; see also Variable 


productive service 
marginal revenue product curve, 463 
output elasticity of, 448 
supply curve, 467 
Profit, 260 
Profit maximization, 195, 246 
cartels, 396-98 
under perfect competition, 530 
short-run, 256-58, 299-302, 308 


variable luctive services, 
aes, 427 


Psychological perception threshold, 50 

Public good externality, 553-54 

Purchase price distribution, 594-97 

Pure cross-elasticity of demand, 101, 
134-35 


definition, 134 
own and cross-price elasticities, 135 
Pure monopoly; see Monopoly 


Quality differentiation, 405-6 

Quasi rents, 433-35 

Quota system of market sharing, 
398-400 


Resources 
free entry, 254-55 
natural, 430 
optimal combination, 190-95 
relative cost, 209 
Ratio, of input, 153 
Rationing, 117, 487 
Reaction function, 385-89 
Relative factor shares 
biased technological progress, 
445-46 


distribution, 437-46 

elasticity of substitution, 442-44 
Rent, 434n 
Returns to scale 

constant, 165 


decreasing, 236 
increasing, 236 
Risk, 576 
theory of utility, 587 
Rohm and Haas Company, 399 
Sales tax, 33 
Search theory, 594 
purchase price distribution, 594-97 
Second-best solutions, 613 
Separating equilibrium, 608-10 
Separability of investment and 
consumption, 575-76 
Sherman Antitrust Act, 397n 
Shortage, 22 
Short run 
costs, 210-28 
defined, 152 
dynamic theory of, 215 
effect of lump-sum tax, 334-35 
excise taxes, effect on cost, price 
and output, 329-30 
fixed and variable costs, 216 
production costs, 212—16 
quasi-rents, 433-35 
Short-run equilibrium 
monopolistic competition, 357-58 
under monopoly, 298-306 
perfectly competitive industry, 
263-66 
perfectly competitive market, 
258-60 
supply curve, 261-66 
Short-run cost curves, 225-28 
Short-run profit maximization 
marginal approach, 256-58 
total Tovenpa total cost approach, 


Short-run supply, in monopoly, 302-3 
Short-run supply curve in perfectly 
competitive industry, 260 
Short-run theory of cost, 216-28 
Signalling, 616-18 
criticisms of theory, 617-18 
with education, 616-17 
social inefficiencies of, 617 
Slutsky method of deriving income and 
substitution effects, 94-95 
Social benefits, costs of, 550 
Social costs of production, 208-9 


Social welfare function, 535, 539-41; 
see also Welfare economics 


Index 


“The Sociological Theory of Capital 
(Rae), 564 
Spaulding golf clubs, 406 
Specialization, 239-40 
Stackelberg leader, 387-88 
Stolper-Samuelson Theorem, 520 
A Study in the Pure Theory of 
Production (Carlson), 448 
Submarkets, 313 
Substitutability, 14 
Substitution effect, 90-97, 427 
complementarity, 100-104 
definition, 92 
Giffen paradox, 98-100 
inferiot good, 100 
normal or superior good, 91-95 
price change, 91-95 
Superior factor of production, 202 
Superior goods, 71n 
definition, 96 
income effect, 95-97 
substitution effect, 91-95 
Supply, 31 
Supply curve 
elasticity, 19 
individual firm, 16-17 
market, 16-17 
movement along versus shifts in, 18 
Surplus, 21-22 
Sweezy solution, 383-85 
Symmetric ignorance, 613-15 
“Tableau Economique,” 491-92 
Technological progress 
biased, 442, 445-46 


capital-using, 442, 445-46 
labor-using, 442, 445-46 
neutral, 442, 445 

Thani ae Produktion (Scneider), 447, 


Theory of Games and Economic 
Behavior (von Neumann and 
; Morgenstern), 587 
The Theory of Interest (Fisher), 564, 
n 


Theory of Wages (Hicks), 437 
Time constraints, 118-21 
Time preference, 115-17, 564-67 
Time/state cell, 577-78, 584-87 
Total cost, 217 

definition, 337n 

short-run, 216-18 

variable, 216-17 
Total effect of price change, 92, 103-4 
Total fixed cost, 216-17 
Total output, 154, 156 

average product, 155 

marginal product, 155 
Total products, 154-58, 162-63 
Total revenue, 138-41 
‘Transformation curve, 513-14 
Two-good economy, 514-20 
Two-person economy, 492-93 


Universal law of wages, 420 
Unitary price elasticity, 132 
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Utility 
changes in consumer income, 60 
function, 38-40 
historical development of theory, 
42-45 


indifference curve, 40-41 
marginal rate of substitution, 50-52 


Utility-possibility point, 538-39 
Utility-possibility frontier 
from contract curve to, 537-38 
definition, 508 
derivation, 507 
to grand utility-possibility frontier, 
3830. errs 


to point of constrained bliss 
Utility space, 507 
Value, theory of, 50, 411; see also 
Utility 


Value of the firm, 584 

Value of marginal cost, 422 

Variable cost, 217 

Variable output, 152-54 

Variable productive service 
determinants of demand, 425-28 
exploitation, 466 
firm's demand, 421-25 
individual demand, 425-28 
marginal expense of input, 467-69 
market demand, 429, 464-65 
monopoly demand, 462-64 


profit maximizing, 421-24, 427 

supply of, 430-33 

value of marginal product, 422 
Variable proportions, theory of, 153 
Volume discount, 317 
Voting paradox, 540 


Wage and price controls, 118 
Walras’s law, 500, 518, 567 
“Wantab,” 43 n 
Wantability, 43 n 
Wealth, 565 
investment decision, 575 
time/state cell, 587 
Welfare economics 
distortions and the second best, 554 
external economies, 550-54 
input, rev and distribution, 


marginal conditions for social 
na welfare, 527 
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welfare maximization and perfect 
competition, 529 
Westinghouse, 401 
Wilson golf clubs, 406 
“Winner’s curse,” 614-15 
Zero-sum game, 390 


Index 


gnomic Theory & oie. 2nd Ed, 
rger’s k 
tional Economics, 8th Ed, 
Bhagwati =- 
ics of Underdeveloped Countries 
f Id & Lipsey 
A Y Introduction to Mathematical Treatment 
fEconomics, 3rd Ed. 
nard. P.Herber 
dern Public Finance, 5th Ed, 


ALL INDIA TRAVELLER BOOK SELLER 
PUBLISHERS & DISTRIBUTORS 
KRISHAN NAGAR, DELHI-110051 (INDIA) 


Rs. 00 


= Pat: 


